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GOLD AND SILVER LEACHING PRACTICES IN THE UNITED STATES 


By Peter G. Chamberlain! and Michael Ge Pojar? 


ABSTRACT 


The surge in gold and silver prices during the 1970's attracted many 
new mining operators and has rekindled interest among experienced ones. 
With its low capital investment requirements and fast payout, leaching 
has attracted many operators--particularly those with small or low- 
grade deposits. Although in certain situations leaching offers many 
advantages over conventional mining methods, many operators are uncer~ 
tain how these relatively new techniques should be implemented. Conse- 
quently the Bureau of Mines has prepared this circular to disseminate 
information on gold and silver leaching practices, techniques, and 
problems. Engineering data gathered from 26 operations indicate that 
most ores are leached in heaps following crushing and distribution on 
pads. Metal values are recovered from cyanide leach solutions using 
either zinc precipitation or charcoal adsorption. Potential problems 
that may hamper on block development of a leaching operation are poor 
percolation characteristics of the ore, calcium salt buildup, low tem- 
peratures, and solution losses. An extensive bibliography on gold and 
silver leaching is appended. 
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INTRODUCTION 


Climbing gold and silver prices during 
the 1970's awakened dormant interest in 
mining these metals in many districts. 
Since gold and silver deposits frequently 
can be profitably mined by small opera- 
tors, a mix of mining activity has been 
created, comprised of large and small 
companies, both experienced and unexperi- 
enced. A key factor in the profitability 
of small mining operations is the advent 
of an alternative to conventional mining 
and milling operations--solution mining 
(leaching). Basically gold and silver 
leaching involves spraying a cyanide so- 
lution on the ore to dissolve the metal 
values, collecting the solution contain- 
ing the dissolved metals, and recovering 
the metal from the solution. By elimi- 
nating milling, leaching reduces capital 
cost and startup time for new operations. 
Operating costs are likewise signif- 
-icantly lower. The disadvantages of 
leaching are lower recovery and greater 
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difficulty in controlling the cyanidation 
process. 


There are three types of leaching 
systems--heap, dump, and in situ; “vat” 
leaching accompanying conventional mill- 
ing operations is not considered in this 
publication. If ore is mined or if it is 
gathered from old mine waste-rock piles 
and hauled to specially prepared pads 
lined with clay, tar, or Hypalon3 for 
leaching, the method is “heap” leach- 
ing (figs. 1-2). The rock is frequently 
crushed before being placed on the pad. 


If mine waste-rock piles or dumps are 
judged to contain sufficient mineral 
value to justify leaching and the 


solutions can be controlled without 
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FIGURE 1. - Heap leaching system. 











FIGURE 2. - Typical pilot heap leaching operation. 
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FIGURE 3. - Dump leaching system. 





appreciable losses, the pile is “dump” 
leached without any preparation (fig. 3). 
Although this technique is rarely used 
for leaching gold and silver, it is com 
mon in the copper industry. 


Finally if the ore is broken and left 


in place or if it conducts fluids flow Ore 
without blasting, it can be leached “in body 
situ" or in-place (fig. 4). An exposed 


ore body can be leached in situ by spray- 
ing solution on the surface and collect- 
ing it in recovery wells after it has 
percolated down through the ore. For 
buried ore bodies, the solution must be 
injected into the formation through in- 
jection wells and recovered from adjacent 
recovery wells. Although copper and ura- 
nium have been leached in situ, there 
have been only sporadic attempts to de- 
velop’ such operations for leaching gold 
and silver. One attempt to in situ leach 
gold at the Ajax Mine near Victor, CO, is 
described later. 

Since many operators are considering 
leaching gold and silver for the first wo 
time or are experiencing problems in es- 
tablishing leaching operations, this re- ee 
port summarizes leaching principles and body 
practices, discusses problems that may be 
encountered, and lists sources of addi- 
tional information in a bibliographic 
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FIGURE 4. - In situ leaching systems. 
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MINERALOGY 


Since many good references are avail- 
able on the _ geology of gold deposits, 
such information is not provided herein. 
Of particular importance however, in 
evaluating the leachability of gold- 
silver deposits is their mineralogy. 


Gold is usually deposited as native or 
free gold associated with pyrite (5).4 
Occasionally, as at Cripple Creek, CO, 
the gold is deposited as a telluride. 
Various heavy metal compounds are fre- 
quently associated with the gold. 


Silver is usually deposited in its 
compound form. Besides native silver 
(Ag), those minerals containing leach- 


able silver are argentite (silver sul- 
fide, AgoS), cerargyrite (silver chlo- 
ride, AgCl), embolite (AgCl, AgBr), and 
bromyrite (silver bromide, AgBr). Other 
silver minerals are not readily leachable 


(12, 24). 


Ore can be economically leached at 
grades about an order of magnitude lower 
than they are commonly milled. Current 
leaching operations are producing gold 
from ores containing as little as 0.03 
oz/ton with cutoff grades down to 0.01 
oz/ton. Most silver leaching operations 
produce from ores grading 1 to 4 oz/ton. 
The easiest ores to leach are_ those 
that have been weathered or oxidized, 
liberating the gold or silver from pyrite 
or other encapsulating minerals. 


4underlined numbers in parentheses re- 
fer to items in the list of references 
preceding the appendix. 


A variety of mineralogical 
can hamper or prevent 
ore. For example, deposits that contain 
organic carbon are not’ suitable because 
the carbon prevents much of the gold from 
dissolving and adsorbs any dissolved met- 
al before the leach solutions are recov- 
ered. Other refractory ores are those in 
which the gold or silver is totally en- 
cased by an impervious matrix material 
such as quartz so that the leaching solu- 
tions cannot contact the metal. Copper, 
cobalt, and zinc in the ore may preferen- 
tially take the place of gold and silver 


conditions 
leaching of an 


in the leaching reaction and greatly 
reduce the reaction with the desired 
metal. 


Some ores, such as’7 tellurides or those 
containing arsenopyrite or antimony, must 


be roasted before they can be leached 
with cyanide andso are not amenable 
to heap leaching (12). Although other 


leaching solutions have been investigated 
for use with telluride deposits, no com- 
mercial heap leaching operations have 
resulted. 


Pyrrhotite is another mineral that com- 
plicates leaching. Decomposition of pyr- 
rhotite in cyanide produces ferrocyanide, 
which removes free cyanide from solution 
and prevents its reaction with the gold 
or silver. This decomposition also re- 
moves oxygen from the solution, which 
further decreases the reaction with gold 
and silver. 


If manganese 
its higher 


occurs with silver ores, 
order oxidation products can 





form refractory compounds of silver and 
manganese (8, 38). Many silver deposits 
were left unmined throughout the Western 


United States because of this particu- 
lar problem. Some of these deposits may 
be amenable to dual leaching, first 


with aqueous SO, to recover manganese, 
followed by neutralization and leaching 
with cyanide to recover silver. 


LEACHING 
HEAP LEACHING ORE PREPARATION 


Ore preparation for heap leaching con- 
sists of (1) preparing an impervious pad, 
(2) mining or gathering ore from dumps, 
(3) crushing the ore (optional), and 
(4) placing the ore on the pads. 


Pads are usually situated in flat ter- 


rain that is graded to provide gently 
sloping surface for drainage (2 to 5 
pet). Next the pad site must be lined to 


prevent solution seepage losses. Ge 
plastic liners are used, the ground is 
covered with a layer of sand or tailing 


that is rolled to provide a cushion. The 
liner sections are laid out and cemented 
together, then covered with sand to pro- 
vide additional cushioning. Heaps that 
are subjected to much vehicular traffic 
are often lined with asphalt. Some pads 
are merely lined with a thick clay or 
tailing layer that becomes essentially 
impervious when wet. A dam or berm with 
a drain is constructed on the downstream 
end of the pad to direct the solution 
into a holding pond. 


Size distribution of ore placed on 
heaps ranges from run-of-mine to minus 
1/4 in (6 mm). Many miners crush the ore 


to significantly improve total recovery 
and recovery rates. Operating costs are, 
of course, higher when ore is’ crushed. 


Before an operator selects a particular 
particle size, the ore should be tested 
to determine the trade-off between miner- 
al recovery and crushing costs at several 
sizes. 


Ore is spread on the prepared pads by 
Scrapers, front-end loaders, trucks, and 
bulldozers; conveyors and stackers can 
also be used. A unique gantry System has 
been employed at one operation in New 


ener ee ee a 


Clay minerals in the ore pose a major 
problem in leaching operations. The clay 
particles block the leaching solution's 
flow through the ore and isolate large 
portions of ore from the solution. Some 
heaps contain so much clay that the solu- 
tion perches on top with negligible down- 
ward percolation. 


TECHNOLOGY 


Since solution percolation 
into a heap is severely affected by any 
packing from driving on the surface of 
the heap, the specific technique by which 
the ore is placed in heaps profoundly in- 
fluences precious metal recovery. Tech- 
niques that eliminate traffic on the im- 
placed ore are strongly urged. 


Mexico (22). 


Each layer, called a lift, is usually 
placed 5 to 10 ft (2 to 3 m) deep; the 


range encountered at current operations 
wasw2urtt C1" m) eto 20°fteC7 m). Although 
it has long been felt that after solu- 
tions percolate through a heap greater 


than about 10 ft (3 m) deep, they may be- 
come oxygen deficient, the rate of oxygen 
depletion has not been accurately mea- 
sured. Recent experiments with hydrogen 
peroxide additives have shown no in- 
creased metal recovery (40), which would 
indicate that the critical oxygen content 
is not as high as originally envisioned. 


After the first lift has been leached, 
either it is removed from the pad, or the 
next lift is placed on top of it so that 
subsequent applications of leaching solu- 
tions will percolate through both. A 
third and fourth lift can be added later. 
Operations using fine ore size generally 
leach with only one lift because at the 
end of the leaching cycle the ore is 
virtually depleted and may as_ well be 
removed. Operations with larger sized 
ore particles that take longer to leach 
generally use multiple lifts. The solu- 
tion can then pick up extra mineral val- 
ues from the lower lifts until they are 
depleted without wasting valuable pad 
space. 


Placing ore on heaps so as to prevent 
surface packing is a problem. If vehicu- 
lar traffic packs the surface into a hard 








pan, the leaching solution will not per- 
colate uniformly downward; in fact, stag- 
nant puddles or ponding on the surface 
may occur. Although packed material can 
be loosened with a ripper, several compa- 
nies are considering conveyor systems to 
eliminate vehicular traffic on heaps. 
Pushing the material into place with a 
front end loader after it is dumped on 
the pad also minimizes surface packing. 


Where clay in the ore causes percola- 
tion problems, a relatively new technique 
of agglomerating the fines can be used 
to prepare the ore. Devised by the Bu- 
reau of Mines' Reno Research Center, the 
technique dramatically improved percola- 
tion rates, prevented channeling, and im- 
proved leaching rates in pilot tests (26- 


28). Several companies have used the 
technique in full-scale operations since 
1980. At one of these sites, recovery 
improved from 37 to 90 pet asa result 


of agglomeration. The technique involves 
mixing the dry crushed ore with 5 to 15 
1lb/ton (2.5 to 7.5 g/kg) portland cement, 
wetting with 8 to 16 wt pct water, me- 
chanically tumbling the wetted feed to 
effect agglomeration, and curing the ag- 
glomerated material for 72 h prior to 
leaching. The lime in the portland ce- 
ment reduces the amount of lime that must 
be added to the leaching solution to 
maintain the proper pH; see the following 
section on leaching’ solutions. Even 
greater benefits accrue if, instead of 
using water, the cement-ore mixture is 
wetted with relatively strong cyanide so- 
lution during agglomeration. This cya- 
nide solution can then begin precious 
metal dissolution while the pellets are 
curing so that the heap can be_ leached 
with water that can be _ recirculated 
throughout the leaching cycle. Prelimi- 
Nary tests resulted in reduced cyanide 
consumptions and reduced leaching time. 


DUMP LEACHING ORE PREPARATION 


Although waste rock from either under- 
ground or open pit mines is of too low 
a grade to warrant conventional mill- 
ing, some gold or silver may be recovered 
by leaching it. If dumps are _ leached 





without additional ore 
transporting 

the operation 
Caution must be 


preparation or 
the rock to prepared pads, 
is termed a dump _ leach. 

exercised in selecting 
dumps to insure that no leach solutions 
can escape into ground water or surface 
water drainage. A heavy clay soil under- 
lying the dump is necessary to prevent 
solutions from percolating to the ground 
water. Dams are generally constructed to 
trap and hold the leach solutions. 


IN SITU LEACHING ORE PREPARATION 


There are no commercial-scale in situ 
gold or silver leaching operations in the 
United States. If such leaching is un- 
dertaken, ore will probably be prepared 
by blasting the formation to rubblize it. 
For shallow deposits [less than 300 ft 
(100 m)] the deposits would be rubblized 
with explosives placed in vertical holes 
patterned after techniques used for in- 
place copper leaching (9-10). Deep de- 
posits would require blasting methods 
similar to those employed at conventional 
underground mines. For instance, if a 
deposit would be developed by a certain 
stoping configuration for conventional 
mining, the same configuration would 
likely be the most efficient for prepar- 
ing the ore for in situ leaching. The 
only difference would be that in conven- 
tional operations all of the‘ rock from 
development openings and ore from the 
stopes is hauled to the surface, whereas 
in leaching operations only the 20 to 25 
pet of this material would be hauled to 
the surface to provide "swell" space for 
the rubblization blast. 


Certain shallow underground mines in 
well-fractured formations may be amenable 
to in situ leaching without any ore prep- 
aration. Access to the deposit would be 
gained via the mine development openings; 
solution injection and recovery wells 
could be drilled from any of these open- 
ings at possible cost savings (by eli- 
minating drilling through barren over- 
burden). Placer gold deposits would 
probably be permeable enough to permit 
leaching from vertical wells without 
blasting (33). 
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LEACHING PROCESS 


Leach Solutions 


Although it is possible to leach gold 
and silver with several types of solu- 
tions, all current operations use sodi- 


um cyanide (NaCN), mixed in water at 
strengths of about 1 lb/ton (0.5 g/kg) of 
solution, or 0.05 pet. Strengths encoun- 


tered in current operations range from 
0.3 to 5.0 1lb/ton (0.15 to 2.5 g/kg). 
The higher strengths are generally used 


on ores with high silver content. 


When the cyanide solution contacts free 
gold or silver, leaching occurs according 
to the following reactions (2, 12): 


2Au + 4NaCN + 05 + 2H,0 
+ 2NaAu(CN)> + H,0> + 2Na0H 
and 4Au + 8NaCN + O02 + 2H20 
+ 4NaAu(CN)> + 4NaOH. 


The reaction depends strongly on oxygen, 
which is added by bubbling air through 
the solution and/or by spraying the solu- 
tion onto the heaps. 


When other silver minerals are leached, 
the silver’ similarly combines with the 
cyanide ion except that silver chloride 
apparently will combine without oxygen 
(24); for instance, 


AgCl + 2NaCN + NaAg(CN)2 + NaCl. 


Leach solutions are effective at pH 9.5 
to ll, although both lower and higher al- 
kalinities have been successfully used. 
Lower pH may result in decomposition of 
the cyanide by hydrolysis or by reaction 
with carbon dioxide in the air. Low pH 
can also permit gasification (and hence 
loss) of the cyanide if the solution con- 
tacts natural ground acids (19). Con- 
versely, excessively high alkalinity 
seems to retard the reaction. The de- 
sired pH is maintained by adding lime 
(CaO) or caustic soda [sodium hydroxide 
(NaOH)] at about 0.5 to 1.0 lb/ton (0.25 


to 0.5 g/kg) of solution. 
tic soda is more expensive, it reduces 
maintenance problems caused by lime 
scale. Some operators claim that both 
the cyanide concentration and pH should 
be higher for silver ores than for gold 
ores, but no trend could be discerned 
from the engineering data available. 


Although caus-— 


Solution Distribution 


Leach solutions are pumped from a mix- 
ing pond to the distribution site after 
the cyanide and lime (or caustic soda) 
have been added. Upon reaching the site, 
the solution travels through a_ grid of 
distribution lines (usually 3/4- to 2-in- 
diam plastic tubing) deployed across the 
top of the heap or dump. Spray nozzles, 
sprinkler heads, or wriggler tubing con- 
nected at various intervals into the main 
distribution line apply the solution. 


Fixed-spray systems are the 
and easiest to install; some operators 
merely punch holes inthe distribution 
lines at fixed intervals to create a 
spray (fig. 5). Although these require 
little maintenance, channeling is a com- 
mon problem. Other operators may attach 
short feeder lines connected to fixed 
lawn-type sprinklers, but these do not 
distribute the solution as uniformly as 
do other systems and frequently result in 
channeling. 


cheapest 


The most common solution distribution 
system is the oscillating lawn sprinkler, 


usually referred to as the rainbird 
sprinkler (fig. 6). This sprinkler gives 
a more uniform coverage than fixed 
sprays. These sprinklers are, however, 
susceptible to calcium salt scale, which 
restricts the flow. When the scale 
severely restricts solution flow, the 


sprinklers must be removed and soaked in 
hydrochloric acid to dissolve the calcium 
salts. Some operators have experimented 
with modifying the sprinkler orifice in 
an attempt to reduce this’ problem and to 
distribute the solution without the ring 


of more concentrated sprinkling that 
seems common from off-the-shelf sprin-— 
klers. Sprinklers are generally operated 











FIGURE 6. - Rainbird sprinkler. 
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with 20 to 40 lb/in? (0.14 to 0.28 x 106 
Pa) line pressure, which yields a radius 
of coverage averaging 35 to 50 ft (11 to 
15 m). 


The so-called Bagdad wiggler, named for 
its development at Cyprus' Bagdad Mine in 
Arizona, has recently become popular. A 
wiggler is constructed by cutting a 9-in 
(23-cm) long segment of 1/4-in (6-mm) 
thick-walled gum rubber tubing and forc- 
ing one end over a hose connection at- 
tached to the feeder lines (fig. 7). As 
the solution passes through the tubing, 
the free end wiggles and sprays the solu- 
tion around ina circle. Wigglers are 
generally placed on 10-ft (3-m) centers. 
If the wiggler flops ina figure 8 in- 
stead of a circular path, the ends are 
sliced with three short spiral cuts. 
Proponents argue that wigglers have bet- 
ter distribution patterns than _ sprin- 
klers. Maintenance is relatively easy; 
when calcium salt scale appears in the 
lines, the wiggler can be stretched and 
shaped to dislodge the buildup. Wigglers 
are operated at around 20- to 40-lb/in2 
(0.14 to 0.28 x 10© Pa) line pressure. 














An even newer but similar solution dis- 
tribution technique employs’ the use of a 
wobbler. Wobblers are made by attaching 
lengths of thin plastic (Tygon) tubing to 
the solution feeder lines. At normal 
operating pressures the wobblers will 
produce a 4-ft (1.2-m) high spray with a 
radius of 9 ft (3 m). 


At least two operators are applying 
solutions by ponding (fig. 8). Leach so- 
lutions are directed over the top of the 
heaps, where berms and dams hold the so- 
lution in a pond. The pond is kept sev- 
eral inches deep as the solution perco- 
lates downward. A major disadvantage is 
that appreciable clay-size particles in 
the heap or dump material will thwart 
percolation and will promote channeling 
drastically. Another problem with pond- 
ing is maintaining sufficient oxygen in 
the solution for efficient dissolution of 
gold and/or silver. 


Regardless of the distribution method, 


after percolating through the ore the so- 
lution drains off the pad into a holding 
krigs)9)’. 


pond The pond is lined with 





FIGURE 7. - Bagdad wiggler. 











FIGURE 9. - Pregnant effluent solution collecting pond. 
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plastic sheet or a clay layer to prevent 
seepage. The pond functions both as a 
surge pond and as a_ settling basin for 
particles contained in the pregnant solu- 
tion. Settling rates may be increased by 


adding a flocculant. 


Solution application rates vary among 
operators. Generally the rate should be 
kept below that which would cause the so- 
lution to pond on the surface and then 
channel through the ore heap or dump. 
Experiments at several sites have indi- 
cated optimum leaching rates of around 
0.005 gal/mineft-2 (3 x 107-4 mL/s*cm-2) 
of pad area; rates at commercial opera- 
tions range from that figure up to 10 or 


20 times higher. Recovery plants have 
been established to handle throughput 
rates of 50to 3,000 gal/min (3 to 18 
L/s). 


RECOVERY 
Comparison of Techniques 


Gold and silver are recovered from the 
pregnant solutions by precipitation with 
zinc dust or by adsorption on activated 
carbon in the form of charcoal. Each 
method had advantages and disadvantages. 
Selection of a specific system will de- 
pend on the specific conditions at a 
leaching operation and the facilities 
already available. 


Most of the conventional mill circuits 
were based on the Merrill-Crowe system 
for precipitation of gold and silver by 
zinc dust. Although the capital expendi- 
ture required to establish such a system 
has been high, there are now on the mar- 
ket, small packaged plants designed and 
priced for small leaching operations. 
Costs are reduced in these systems by 
eliminating the high-cost, countercurrent 


decantation circuit used ina _ conven- 
tional milling circuit. 

Where an old mill circuit can be con- 
verted to handle a leaching system, zinc 
precipitation usually costs less' than 
charcoal adsorption. The low cost of 
zinc also favors zinc precipitation 


systems. One hundred pounds of zinc dust 
costs about $35 and will precipitate 600 
to 800 oz of gold, while the amount of 
activated carbon needed to adsorb about 
the same amount of gold (about 1 ton) 
costs $2,500. Although the zinc is ex- 
pended, 70 cycles must be achieved with 
the charcoal to balance the material 


costs. Zinc precipitation also does not 
require the capital and operating costs 
of a charcoal-stripping plant and kiln 


for reactivating the charcoal. 


If more silver than gold occurs in the 
leach solution, zinc precipitation offers 
a further advantage because with charcoal 
adsorption, a large volume of high-cost 
material is tied up adsorbing a lower 
value metal. The problem of recovering 
silver in leach solutions has been some- 
what alleviated by recent Bureau research 
(21), which has demonstrated that silver 
can be effectively precipitated from the 
leaching circuit as Ag,S by adding sodium 
sulfide; the solution can then be passed 
through the carbon adsorption columns to 
recover the gold. 


Carbon adsorption systems are, however, 
becoming increasingly popular, and they 
do have several advantages over zinc pre- 
cipitation systems. The primary advan- 
tages of carbon adsorption are that the 
systems can adsorb metals from solutions 
that contain suspended solids and from 
solutions that contain low metal concen- 
trations (less than 0.05 oz/ton of solu- 
tion) (20-21). Charcoal adsorption also 
does not require a filtration system nor 
a de-aeration tank and pump. Environmen- 
tal damage from zinc salts is avoided. 


Zinc Precipitation 


A generalized flow diagram for precip- 
itating gold and/or silver with the zinc 
system is shown in figure 10. First, 
pregnant solutions are pumped from the 
holding pond to the processing plant. 
Since suspended particles will coat the 
zinc and retard its’ reaction, the first 
step of the process is to filter the 
solution (usually with plate and frame 
filters). The filters are often coated 
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Plate and 
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FIGURE 10. - Zinc precipitation recovery system. 


with diatomaceous earth to help remove 
the suspended particles and prolong fil- 
ter life. 
Gold and/or silver precipitation also 
depends on complete removal of dis- 
solved oxygen. Although this is usually 
achieved by a Crowe-type vacuum tank and 
pump, air can also be removed by _ sand 
filters and ceramic baffles. Failure to 
remove the oxygen permits’ the precipi- 
tated gold and silver to be redissolved. 
Even more importantly, any oxygen present 
when zinc dust is added forms hydrated 
zinc oxide, which coats the zinc and pre- 
vents further reaction with the solution. 


Gold and silver precipitation are inm- 
proved by adding lead acetate or lead 
nitrate to the solution. The lead forms 
a bond with the zinc that has a greater 


galvanic activity than the zinc alone and 
precipitates the precious metals faster. 
The lead acetate or nitrate added is 
about 10 wt pet of the zinc dust. Care 
must be taken to prevent coating the zinc 
with too much lead, which retards’ the 


galvanic action. Silver in the solution 
can form the same galvanic couple as does 
lead with zinc, so that adding lead ace- 
tate is often unnecessary for leaching 
solutions containing appreciable silver. 


Zinc dust is fed into the solution by a 
screw-type feeder and cone arrangement. 


Precipitation proceeds according to the 
following reaction (12) for gold and 
silver: 


NaAu(CN)2 + 2NaCN + Zn + H20 
ree Na Zn(CN), + Au + H + NaOH. 


Since the zinc should precipitate gold or 
silver 1 mol/mol, approximately, equiva- 


lent amounts of zinc should be added as 
there are precious metals inthe solu- 
tion. In actual practice, anywhere from 


10 to 100 pet more zinc is added than 
theoretically should be needed. Enough 
free cyanide must be present to dissolve 
the zinc so that it can replace the gold 
in the alkaline compound and_ so that the 
resulting zinc alkaline compound remains 
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in solution. The accompanying liberation 
of hydrogen is necessary to create the 
reducing conditions for precipitation. 


After the zinc has' been added to and 
mixed with the leach solution, the solu- 
tion is forced through Merrill-type pres- 
sure filters. This leaves behind the 
gold and/or silver plus impurities. The 
precipitate is removed from the filter 
and dried for smelting. 


For either all-gold or all-silver pre- 
cipitates, a flux is added and the pre- 
cipitate is smelted for pouring. If both 
gold and silver are present in signif- 
icant amounts, the precipitate can be 
fluxed and smelted for sale asa doré 
bullion. If separating the gold and sil- 
ver is desired, silver can be dissolved 
from the filtered precipitate with nitric 
acid and electrowon from the’ solution. 
The remaining precipitate is smelted for 
Obtaining its gold. As an alternative, 
gold can be separated from the precipi- 
tate by dissolving it in aqua regia and 
then recovered by precipitating it from 
the aqua regia with oxalic acid or by 
electrowinning it. 


Charcoal Adsorption 


Charcoal adsorption systems for recov- 
ering gold and silver (fig. 11) have been 
described in great detail (21). First, 
the pregnant leaching solution is pumped 


from the holding pond to the processing 
plant, where it flows through three to 
five carbon columns. Each column con- 


tains granular activated carbon manufac- 
tured from coconut shells (minus 6 plus 
16 mesh or minus 12 plus 30 mesh). The 
pregnant solution can be percolated down 
through a fixed bed of the charcoal in 
each column, or it can be directed upward 
through the charcoal at a rate that main- 
tains the charcoal in a_ suspended state 
(fluidized). Although columns with fixed 
beds require less charcoal for the same 
amount of solution, they are more suscep- 
tible to plugging from particles carried 


in the solution than are those with 
fluidized beds. Most commercial opera- 
tions, therefore, use fluidized beds. 
Flow rates required to maintain a 
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FIGURE 11. - Charcoal adsorption recovery 
system (after Potter (36)). 


fluidized condition range from 15 to 25 
gal/min-ft-2 (1 to 1.7 L/s*cm-2), depend- 
ing on the size of activated carbon used. 


The columns of charcoal are arranged in 
countercurrent series so that the fresh 
solution first enters the column that 
contains the charcoal with the most ad- 
sorbed precious metals. As the solution 
flows through the charcoal, gold and sil- 
ver are adsorbed onto its surface. The 
solution passes through columns contain- 
ing charcoal with successively less ad- 
sorbed metals until it emerges as a bar- 
ren solution from the last one. After 
emerging from the last column, the barren 
solution is pumped to the makeup pond. 


When the front column of carbon (or a 
portion of it) reaches its desired load- 
ing capacity, the carbon is removed for 
stripping. An identical amount of carbon 
is then removed forward in each column, 





and a fresh charge is added to the last. 
Charcoal loading formerly ranged from 400 
to 800 oz of metal per ton of charcoal 
(14 to 27 g/kg); a recent trend towards 
lower loading and more frequent stripping 
commonly results in loading levels of 150 
to 250 oz/ton carbon (5 to 9 g/kg). Fac- 
tors that affect charcoal loading are so- 
lution grade, flow rate, gold-to-silver 
ratio, solution pH, charcoal type, and 
impurity concentrations. 


The loaded charcoal 
columns must be stripped of the precious 
metals. Stripping is accomplished with a 
hot caustic soda solution. The tradi- 
tional Zadra process involves soaking the 
loaded charcoal at 93° C ina 1.0 pct 
NaOH-0.1 pct NaCN solution for 24 to 48 h 
(42-43). By adding 20 pct ethanol or 
methanol to the solution, the time can be 
reduced to 5 or 6h (20). The stripping 
time and chemical consumption can be fur- 
ther reduced by pressure stripping (37) 
with a 0.4-pct NaOH solution (without 
NaCN) at 150° to 200° C and 50 to 90 1b/ 
in ¥(O0.3) to" 0.6 PO ePa. a 


removed from the 


Gold or silver are next removed from 
the stripping solution by electrowinning. 
Typical electrowinning cells contain a 
stainless steel anode plus a stainless 
steel wool cathode for plating the metal. 


LEACHING 


Over 80 operations have been identified 
that have experimented with leaching, 
were actively leaching, or were seriously 
planning on leaching (fig. 12). Although 
many of these reported activities could 
not be verified, table 1 presents avail- 
able information on their status along 
with a general location, mine name, and 
operating company. The many new permits 
being granted each year indicate the 
great interest in leaching but make it 
impossible to generate a totally up-to- 
date list of operations. 


for which the most 
available were selected for 


The 26 operations 
data were 
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The steel wool cathode is usually packed 
to a density of 1 lb/ft (16 kg/m ) and 
provides a cathode surface area of 10 
ft /lb (2 m /kg). Operating voltages run 
from 2.5 to 3.5 V. Significantly higher 
voltages can break down the solution and 
generate hydrogen or ammonia gas, which 
blocks the plating action. Current 
ranges from 20 to 30 A, which provides a 
current density of 3 to 3.5 A/ft at the 
cathode. The solution should be retained 
in the cell at least 15 min, preferably 
30, to win the gold and silver. 


The stripped carbon is regenerated by 
heating in a kiln or chamber at approxi- 
mately 700° C (1,300° F) in a reduc- 
ing atmosphere such as steam. Although 
carbon can be used two or three times 
without regeneration, it is simpler to 
regenerate it each time rather than try- 
ing to keep track of which batch needs 
regenerating. The life expectancy of 
carbon has not been well documented. 
Some operators have experienced a 25-pct 
reduction in adsorptive capacity after 
eight or nine cycles, while others have 
found only a 33-pct reduction after 8 or 
9 yr of continuous use. A few operators 
simply sell the gold- and/or silver-laden 


charcoal for smelting rather than strip- 
ping it. That charcoal is, of course, 
destroyed during the process. 

OPERATIONS 


presentation of geologic and operational 
parameters. Table 2 provides’ the loca- 
tion information for each, table 3 the 
ore characteristics and leaching data, 
and table 4 the extraction data. While 
the data contained in these tables will 
change, it is felt that operators or po- 
tential operators can use them to develop 


a feel for the range of conditions that 
can be expected at a particular site. 
The tables can also indicate possible 


solutions to site-specific problems. A 
State-by-State summary of leaching opera- 
tions follows. 


TABLE 1. - Gold and silver heap and dump leaching operations in the Western United States 


State and county 


Arizona: 
Cochise...ccece 
DO'ciesote fo aes 


WO ieteterete cis cte's 


WO stars clears etele 


DO'dcere o16 oo ete 


PAN a atelce oe 2 


Yavapai..ccece 


DG oie be buss 
DOs a 5 sieo ote 6 
YUMA. cis s cen ces 
DG ee ers att ate 
DOs swe os Cas 


DO ec eole ste oes 


NAS cS evsto clots b 
California: 
Imperial...... 


Colorado: 
COStitia.. sacs 
Gilpl as Gs os0% 

DOs Gi a6 6 065.8 


Mineral. .ecccee 


DOietetstereteselere ce 


Rio Grande.... 


Teller. .ccceee 


DO's atcieters io ete s 


DO oteretete, + 0 -cte.6 


Do @eseeeeeeeee 
Do e@eeeeeoeeeoeod 
Do @eeeeeee eee 


DO ciaivols ¢ oa a's 


DOstee etereieveters 


Tombstone Exploration, Inc.... 
State of Maine Mining Co...... 
Minerals 71 (Sierra Minerals). 
Silver Ridge Mining—Houston 
Mining and Resources. 
Can-American Mining Co........ 
Vekol Mine Development- 
Sunburst Mining Co. 

New Jersey Zincss ss os oo 66s ee ve 
Congress Consolidated Gold.... 
Walter ‘Stat Ler. i. bic sc03 0 css00% 
Dr. Eugene Burdick...cecccccee 
Magini Leasing and Contracting 
Hildebrand Drilling.......cee. 
Red Cloud Mining. ....secccccscce 
AMCA Industries, Ltd..cccccces 


Chemgold, subsidiary of Glemis 
Gold, Ltd. 


Eee Be Mining. e. peue ais 6 6 0 sates 

Nuclear and Minerals Corp..... 
Saratoga Mines, Inc..cccccccecs 

Minerals Engineering-Chevron 
Resources Co. 

Minerals Engineering.....eseee 
Draco Mines, subsidiary of 
Southern Cross, Ltd. 

Gold Hills Mesa Corp...cccccce 

Gold Resources Inc.-Newport 
Minerals Inc. 

MOO SOTEs LU ers sig oie e-aresi's ee ca 


Golden Cycle Corp.-Texasgulf 


Inc. 
Merchant-Caithness Joint 
Venture--Venture Mining. 
National Energy Corp.....ccccce 


Gold Ray MERTENS is wie sth cle o's os we 
Yellow Gold of Cripple Creek, 
Inc. 


oh 2S oe Mine. tee 2 oe ae Miners 


Contentat ton, oy ac. sen os ose cess eee 
State Of Maine. <5. o's ot sce bit ob eerie ete 

NA c0.6:5-0' sua wie o's cis at's Go tte abe oe Ge eee 

Nicholas, Gambasino, Rattling Boy, 
Stuck Steel. 

Dryer Ud Tl sl aisis ice apse 0ia-0 hiv ben Soe Bia ate elt nce 


VEO lias 5 aoe ws tie Cate cis ce ee 


Silver Clip, Black Rock...ccccccccees 
CONELESB. Veh 5.5 Se stne oa h's tis oa de Ohare es 
Little sess les css < Se cous Ce ab eee as 
NOPCN-SE aS os s0 sss ae-nte's Sie, Ha om dod oo he 
Robinson Claims oc ss «ic .0.s es on oe cen cee 
Sail. Marcoe sss sa aie ae se ke sisee oe tice oe 
Red=Cloud ©. ss se cs ote als ois 0 ee a s ee 
SLiver Gross o> fc o's oh ales oe o's oe oe ewe 


PLCACHO. «os 4¢'s cts oie a Cobh ec nee ee 


NA cw slo'e's' a's #0 a ciscaie boo a wae ee cee eae ae 


Leaching site. e@eeeveeeveeeoeseeevevee seasoned 
Saratoga. e@eoeeeeevneeeeveeeeoeveeeeveeen08 ee 
Emperius @eeeeeveeeeeeeoeeeeeenvneeoenenenee0 


Cowboy Johnson (Corsair) e@oeeneeeeseoevee 


NA sis 's't Sais a sieie te Sinise octane oe ae 


NADia are cas Seales sao eee eee 


Globe V1 oon pointe sie odie 0c Sits be es bce ce 


INA caecsteve vile G's nce sr siee.s 0 < t's 6 ose eso ark ce 


Pi} AK ciate atn'a 4 Potebdts Givisie %.6 43 oh k ba cla De te 
Stratton ES CaCO cc oe ares osc oe ate oe ee 


Midget, Moon Anchor, Red Bird, Yellow 
Bird, Dolly V, Atlas, Loan Jack. 
GOl de Ray's so vstele Siw ole ots stasis ds Oe PSs re 
RLECENNOUSS oe op 0 as ace ore Say elk € aoe aie ae ate 


SLIVEr saa secs a 
Cerargyrite... 
SLIVGE oe sas ses 
Gold, silver... 


Silver sews s5 e 
Cerargyrite, 

bromyrite. 

OLIVET seen c es 
Gold. csesbe ess 
Sin 100 9 0 wae ets bie 
60 «00s ses de on 6 
oe 2lOwns 5s aie 


bes O. Ostetet ote ote t 
Cerargyrite... 
Silver, gold.. 


GOL ds ws tie oo wr ele 


ee do. @eeeeeeee 
eee selec tare 
ee edo. eeeeeesde 


SeudO.a oes e ee 


Silver, gold.. 
GOL s< @0'ats aoe 


NA erste sae re ocee 
GOld.s see eee « 


se cdO «5 ee caeree 


Calaverite.... 
NAS Grove otc otetctave 
Silver, gold.. 


GOLAS > sss oS as 


eoedOes ome cee 


Status 


Active. 
Do. 

Inactive. 

Planned. 


Active. 
Do. 


Planned. 
Active. 
Inactive. 
Planned. 
Do. 

Active, 
Planned. 
Active. 


Do. 
Unknown. 

Do. 
Active. 

Do. 


Inactive. 
Planned. 


Unknown. 
Active. 


Do. 
Conventional. 


Unknown. 
Do. 


Do. 
Planned. 


a 














Idaho: 
Cus te@rives os ce 
Valleysissecte 


DOs84 636% Fk 


Montana: 
Broadwater.... 
Jefferson..... 

DOsssssscecce 


Phillips...... 


WO sere eteverere eres 


DOis's alee 66.066 


Powe kiss o52 6h < 
Nevada: 

COUGCOLEE s sss 

DOs 6t0.5,0 09.00 

GLOrks dese sce 

Ose hoses eee 

DOs s dudes 6 < 


ELKOS eS 638 EE 3e 


DOs cicidicleleeete 


Esmeralda..... 


DOi darererete sieves 


DOs sg dciee eee s 
Eureka dices ves 


DO ce cae cece. 


DOsedesedece 
DO scvscecsaes 
DOSvevecteae 
Humboldtsd< és. 
DOvsieccesisdeac 
DO ec cece cedee 
LANGEES os dees c 


DOjctéle.clsleteia evs 


Ole we aetele tie ore 
Letoletel stele reise 


NAsccccccccccccccccccccsccecce 
Canadian Superior Mining- 
Ranchers Exploration and 
Development. 

Phillips Petroleum-Thunder 
Mountain Gold, Inc. 


United Minerals. .cccccseceveccs 
Lacana-Falcon Exploration..... 
Placer AmeX.ccccccccccccccccce 
Pickle Crow Exploration....... 
Zortman Mining Co.—Pegasus 
Explorations, Ltd. 

Landusky Mining Co.-Pegasus 
Explorations, Ltd. 

Adams Bros. Construction...... 


Desert Star Mining... ccccccccece 
Fiskvand Sonescccccceccccscses 
Crescent Mining, Ltd...c.ceeee 
Big Delta Refinery, Inc....... 
Intermountain Exploration Co.. 
Tuscarora Associates..cccoccce 
McNeely Mining Contractors, 
Inc. 

Diablo Mine Services Co....... 
Mid-Continent Mining-Sunshine 
Mines. 

Falcon Exploration...ccccocece 
Windfall Venture....ccccrcccees 
Carlin Gold Mining Co.—Newmont 
Mining. 

Mess sig beeen eee o¢ s .cieaee.ee's 0 


SPOUONE Urea S 6 o:5.8 6.6. 0.6 6b 6iN ee ae e 0vb,6 


Cominco American, Incececccece 
BavercMetalsy “Incl sos cccc ese e 
EPon Mines FoLtd i ccccccosvescce 
Pinson Mining Coccccccsccccvce 
Placer Amex-Bunker Hill Cortez 
Gold. 

Minex Resources, Inc.—Klondex 
Mines, Ltd. 

New Pass Resources, IncCeceecoee 
Aaron Mining, Inceceeccccccces 


NArckeVetaie ich otorerere sere ¢ 8ieveis else oneloretetaters ciel eels 


Yellow Pine, West End, Garnet Creek.. 


Sunnyside Mine and surrounding claims 


INA Srctcvelece! ore ele efetonevetoloreieleletele svetececorelecenet crete 
Tourmaline Queen. oo ccc cw cc cc ccosee we 
Golden Sunlight. @eeeeeeeoceaeevoesveweeeee ee @ 


INAlatetctale stcteteletotelcteie ce eieleiele © oe ere cate os eter 


| Ruby GOYVCIiS sis clovese o's 0 vince 6 cine bie soe se 


August, Gold Bugeccccccccccccccccccce 
VIKINGS cette ce seeccecececcovecbdecece 


Desert Stari. cececccessccvscectsectse s 
GOLGSHEL Los cc ste ce tsce vec t ts es s6.0 0 e 
RESUVecccncoeseweeencesceaceovceuecesees 
Dawn: Rena@.cvcccccccccccsccscvcvcccesee 
NAST oc cass elec 0 oc 0.06 op O06 08 5.606 6 6h 6 66 4.6 
Tuscarora’ Mine€. ccc tcc ccc cee ewsevceccs 


INAlstoa's olelete se clere oie sree o'6 616 Bi6.e ecole e le siarecete 


NAS ioe c ctolelcveta crelete ce elave clovele eles o cteve clelel eeie 


Nivloc Sixteen to One Properties..... 


Tonopah-Divide. eeeeeevoevne2eeeeeee2826¢808080 86 
Wiirid ia D aecrore crete ctee.e ctelele ekeiotene clelenuetereere 
Carlin, BootsStrap.cccccccccccccccccee 


Maggie Creek.cccccccccccccccccccccccs 
Gold Quarry Prospect..ccocccccccccees 
BucKHOrn. cccccccccccccccccccecscvccene 
Martin Creek. .ccccccccccccccccccccccs 
NA ccccccccccccnccccccccercecccecesoce 
Pingony Preble s ccc cc ons sceevswcenesec 
Cortez, Gold Acres, Horse Canyon..... 


Firecreek. sows clsleel Cave evs sce ’s'e 0 ele 6s siereteh 


New Pass Mir Lis: cererece eee ts ot ele. erate’ e' atone 6 ere'e 
Gold QUATEZecccccccccccsnccccccsceccee 


we edie ce ste estes 


Gold, antimony 


COLO 6 s'e.0.6.¢ stiee 


le eClO oe steve otovete 


NAcccccccccoes 
Goldececcecees 
Silver, gold.. 
Gold, silver... 


emeOGN pao be 


Gold. 3.55 oeee 6 


Gold, silver.. 
Goldics ccs sve ate 


ee cdOe cele esis 
DO SSdOD sae ekte we 
Gold, silver.. 
oe edOe acces oe 


srotadOsereie ¢oleve\s 


GORGE oie o's oterers 
NAS cs ccle etcvee.« 6 


Goldéié cs ontsce 


sletsGO eiclecclelel siete 


Gold, mercury. 


GO GS ccc crs eteletare 
Sots AOletene etarelerete 


Gold, silver.. 
SLEver. ove esas 
Gold, silver.. 
GOT. o9.0 ase nels 


ade oes ce siele 


es OOS ve os ose e 


Gold, silver.. 


niere GO elotaiecs siete 


Do. 
Do. 


Do. 


Do. 
Active. 
Planned. 
Unknown. 
Active. 


Do. 


Planned. 


Active. 
Do. 
Do. 
Do. 

Unknown. 

Active. 

Unknown. 


Do. 
Inactive. 


Planned. 
Active. 
Do. 


Do. 
Planned. 
Active. 

Do. 
Planned. 
Active. 

Do. 


Do. 


Do. 
Do. 


rt 





State and county 


TABLE 1. - Gold and silver heap and dump leaching operations in the Western United States—--Continued 


Landerissccecse 
Mineral...ecee 
DOSS % 4% ss * we 
Doss55 3% ss se 


D)Olsts Yeleiete ss 67. 


Ny @ate4% 542656" 


Ny@s43%% 06% 
NYGe ctcwcee ccs 
NY@aie%s ces esas 
NY @cisisatle so 3s 
NYG.5%2%3%5%%% 
NY@ecccccccces 
Pershing...... 
DOccccccccce 
DQ sbicieie 6 6s 66 
DOccescccces 
DO wis 4% 0.8% 
DOcsccseccee 
SCOPCYsiscssee 
DOssecccioce 
DOg S65 oss ees 
White Pine.... 


DOwest soos 66 
DO Rictetdts ole aves 


NAc ccccocncese 
NAcSeccces aces 
NAG as cesy tee es 
NA. ceccccccoce 
NAcecwcccesees 


New Mexico: 


Catrons .ccccce 
Santa Fe..ececee 
NA site wd.2 8S Sos 


South Dakota: 


Lawrence. .ecoce 


DOwsfeiscc Sees 





DUOVAURCOLD aeselo ats cs. ccaus sicteese se 6 
Ner.co: Metals. Coisrsss 0.5 0 oes 0's 
Houston International Minerals 
HugmeCrmne Leva in. sc sec sae «te 6 
Ladd Enterprises...cccccccccce 
Smoky Valley Mining Co.-Copper 
Range Co, 

IbexaMining=Corp.s4.%%s0ss sss 
Golden Arrow, Inc...cccecsccoes 
Cyprus Exploration....cccccece 
Summa SCOT Dewisiesss oss 0s eee te eee 
Great American Gold Co........ 
CilasMines COLD sre. ec 0:0:010\0.0:6.000-676 
Buckeye Mining Enterprises.... 
UresNugcet sm Ltdss.00%sciees soe 5 
Flying. Jo Mines . .<.ce.aleeés.0 06 e700 
DeteExploration Cossaveces%ic. 
Inland Resources..ccccccsccccs 
Lacana Mining, Inc....ccccccee 
Intermountain Exploration Co.. 
BlLoweryeCold ss vaesseeetseets cs 
Minerals Engineering Co....... 
Gold Creek Corp.-Diamond Sil- 
verado Exploration. 

Gold Creek Corp...ccccccccccce 
American Selco-Nerco Metals 

Co. 

American Pyramid Resources.... 
Dallas Exploration.....csccooe 
Bier lat asMines ses ce wec ete-< ces 
VoteaniceGold s*tncitsis3 oct 
AminexsGold vec. cecesseecescece 






































Challenge Mining Co.....ccccee 
Gold Fields Mining Co......... 
Canorex Development...ccccccece 






Cyprus Exploration.....scccoce 
Tiaga Gold Corp.-—Wharf 
Resources. 


NA Not available. 








Copper Canyon, Battle Mountain....... 
Candelaria: Project... UUs ss. sees oo bs 
BOLCAELS siselse s'0 s's.s 5 6 oe eee soe ee ene ae 
ASUDY Mine ANG “MLL Ls s:ucn a ¢.6 suecee evr cre ene 
Ladd Tungsten Claims..csscccsccccccce 
OMOKYRVGLLEY sce ss cee pt etn e tte tee eet 


Key SCODCQ ets 6 is.c.s's 6.9.0 0'o-6 479 6:54 cles ¢ area's 
GCOLdEN RAST OW sscta a aio ccniccecoleree ects belo ee ae 
Northumberland tis ssccscceeasecce tees 
NA ierelere(sisc, sctre, 0a ole © e.eiers @ aveisiere sees care 
COLASCEOWI sca ek ste enes theres ce tee 
Gi ba CCAn VOU a6 575 <a e-uile one s1e!e e's breeres Se 
StandardsColdas.§ es cstewece yes oe eee ele. 
Florida Canyon gold deposit.......ec. 
Florida Canyon gold mine and mill.... 
Nevada*Packardrccces cere este ctr ene re 
CWENGBULCESS suite cece ec es ates es ee meee. 
RETLGLACANYON « cs.c oe cee'e cies s aeecee eee 
Comstock@lodés ccc eccccteeewccceoeceee 
Flowery #* Lady *Bryan?. occt ses cece net 
Con-Imperial, Con-Chollar, Dayton.... 
Diamond Silverado... .cccccccccecsccces 


Treasure Hills. ess <c ctlse it cntees see Te 
Alligator REVO Gaaietcie ecnine ste set otrioieroe 


Di Aissote eka ieve’s-alleveietelere @ y!éneleters enero crete ol hareteiats 
NAjavevetare.s-cistt’s ste's's 6's 'e-e-o uc etereleneo aici a niece 
Leopard, Cornucopia... cccrccccscavece 
Nis qoutes eats o's orate eae e se ¢ Sale Cisie ois ers'c e ofe 


NA Sarees s ete ccmienttes obs wie oe cecteew. 


Eberle, Confidence... sss set aceeeeecle se 
Ortiz PLOW CC cua 6s e068 orevele arebere ord erevnie ok 


NA archaea thele sta ac’ eee ale petsrse bee Milse a ae 


Gilt HC SE a: oar'eieyeieha; ove) nino, es oteneseiecaisvesa ate ores 
Anne Creek ae. . Shae. Pies. Coote es tee 














Gold, silver.. 


SyenekO sce oral shoretere 



















gracilO axe pisieiocetele 


GOlde 6. bee 
Silver, gold.. 
Golds 233% sees 
































ot cLG 5 o.ctavncressie 
Gold, silver.. 
ele iO ole eee ee es 
ART bo Gries 
Brac (ate eee Geiss 


SLIVers sso osi8 






eietnl Oe eceretetsraters 


ote O <iectiet 46 ale 





ec Oa swine eee 







es evs o-c'ee (siete 
GOLGW ss ccc cca 
ow edn eee alee te 
Gold, silver.. 
Goldy cas cece 
NAW a ci.s-0-0.6.6 chact 
Silver. snes es 















Lead, silver.. 
Gol diwis ccoretenatare 






















e's 3 CO ciwta a eteteee 


Silver, gold.. 
Gold, silver.. 
GOLO Wess 066 ees 


mere Oe eieitevetorete 









Gold, silver.. 
Ol Cl sre ececetaveretane 


Bas (Pager ft 











wieva tl Ovorete giateve ate 





Teds. Sees 


Status 
Active. 
Do. 
Do. 
Do. 
Unknown. 
Active. 


Inactive. 
Active. 

Do. 
Inactive. 
Active. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Unknown. 

Do. 

Do. 
Active. 


Do. 
Do. 


Unknown. 
Do. 
Do. 

Planned. 

Unknown. 


Planned. 
Do. 
Inactive. 


Planned. 
Do. 


81 


Hu Sw 


10 


ll 


12 


13 


14 


15 


16 


17 
18 


19 


20 
21 


22 


23 


24 


25 


26 
NA 














Company name 


Can-American Mining Co..... 
Tombstone Exploration, Inc. 


State of Maine Mining Co... 
Congress Consolidated Gold. 
Hildebrand Drilling........ 
Vekol Mine Development- 
Sunburst Mining Co. 


Gold Resources Inc.—-Newport 
Minerals, Inc. 


Phillips Petroleum-Thunder 
Mountain Gold, Inc. 
Canadian Superior Mining- 
Ranchers Exploration and 
Development. 


Placer, Amex.) itm Se5c CWeee ees 


Zortman Mining Co.—Pegasus 
Explorations, Ltd. 


Landusky Mining Co.-Pegasus 
Explorations, Ltd. 


Windfall Venture.....ccceoe 
Carlin Gold Mining Co.?- 
Newmont Mining. 


isis AO viel gisinlalevele eletace’elerelcisiele's' 6 


Placer Amex-Bunker Hill 
Cortez Gold. 

aisitG O'sts sin sie a ass sla eleva sieleisislare 
Occidental Minerals Corp.- 
Candelaria Partners. 

Smoky Valley Mining Co.- 
Copper Range Co. 

Golden Arrow, ‘Inc..csccocce 
D Z- Exploration Co.csescseee 


American Selco-Occidental 
Minerals Corp. 


Gold Creek Corpicesosscccne 
Challenge Mining Co........ 
Gold Fields Mining Co...... 


Canorex Development?....... 





Not available. 


Arizona... 
Rian O'cciarete 


peeves ev 
Sisal O'ererarele 


ented O'scleieie 
arate Olels'e ele 


Colorado.. 


Idaho..... 


[eGR AOAC 


Montana... 


peteGO's stares 


sels AO lsieliciece 


Nevada.... 


aise Ole stetere 


ern siAOlginie 6.6 


arate Op ese 


aipie1O eiaxe ois 
stein lO olletereys 


no cUbiargigne 


aes AO siatelere 
eis Oeietere te 


Peele alalere 


eee OO0ls so a.e 
New Mexico 
Ar ec 


aedOis eae 


Cochise... 
rele giaicree 


oe edOwcece 
Yavapai... 


Yuma..... 
Pilla Liste eae 


Teller.... 


Valley.... 


Gree GO stsletere 


Jefferson. 


Phillips... 
Selec ice 
Eureka.... 
pee Oleiatelels 
sieteQO etevelers 


Lander.... 


sieneG lets ciere 
Mineral... 


NYCa ccc ce 


NYC cceccce 
Pershing... 


White Pine 


siete O eveterera 
Catron.... 
Santa Fe.. 


NA. sevccee 


TABLE 2. - Location data for key operations 


Kini Taaiesd 


Tombstone..... 


SOOO 5 IO Gra 


cree Ocieletelwisial sie 
Martinez... 
INGista tele’ cvelete s cfers 
Stanfield..... 


Cripple Creek. 


Thunder 
Mountain. 
Yellow Pine 
(Stibnite). 


Whitehall 
(Cardwell). 

Little Rocky 
Mountains. 


wialeGOleisieielelele! sie 
Eureka..cscooe 
LYON. cccccsece 
oe GO elara'ele eieis 
COGECZ a ciccie sl se 


erate Olereielelereler ers 


Candelaria.... 
Round Mountain 


Clark Station. 
Rochester... 


NA. cccccccccce 


White Pine.... 


Mogollon 
(Cooney). 

Old Placer 
COrtiz)). 

INAscieteieis eteletacsisls 


'Data in table are from a pilot heap leaching operation; the company has 
2Presently inactive. 


Location 


Ssecr los 
Secs 11 


Age 740) SSE 
and 12, 


Sec 16, 
Sec 23, 
Secs ll 
Sec 34, 


20S 
T<1OEN, 
and 14, 
TeQPS ORG Cae eretete sieretercts 


SCCHI Gime lomo smh OO mWers cretsreicte 


INA svete el elsloiee)sieisiols) slsisioieielel el sieleictele 


Secs 2 and 11, T18 N, R9OE.. 


Secs 19, 29, and 20, T 2 N, 
R 3 W. 
Secs 7 and 17, T 25 N, R 25 E. 


Secs 15 and 22, T 25 N, R 24 E 
Sece2 sy ly LS eN, ROSS" Bsc womelcvsis 
Secs 15501. SSONSER (SONE. oe ee ee 
Secs 2, 3, 


R 49 E. 
Secels ya lez J ANseR 476 be erate ate e 


10, and 11, T 36 N, 


Seces650 T 28 N, OR. 46. Eisiecrsicia'c's 
SCE arte aN eR) Liacete\ereieverelera 


SOCSIS Lp tlOONS ReGGehiciejce ses 
S@ce225 sla ZuiNe me Ront6 CE staleterelcrclers 


Secs 28, 29, 32, and 33, 
T 29. N, R 34 5. 


NA Sraieise cibic/s s(cieis/« sieisieiels srerelerel ere e 
Secalo vel eLOaNee ReSGr Lie crers'e tree 
Secs 32 and 33, T 10S, R19 W 


Secs 19 and 20, T 13 N, R 8 E. 


NAW iovelee si eie sisisicl els eieis/eleie.s e.nleisie.e's 


Dry HEL sisas s.016 
Contention..... 


State of Maine. 
Congress....... 
San Marcos..... 
Wek ll cerca relevciets 


Globe Hill..... 


Sunnyside Mine, 
other claims. 

West End, 
Garnet Creek. 


Golden 
Sunlight. 
Ruby Gulch..... 


August, Gold 
Bug. 


Windfall....... 
Garda tress c.cte 


Bootstrap....e. 
COrteZicsacs cles 
Gold Acres..... 
Candelaria 
Project. 


Smoky Valley... 


Golden Arrow... 
Nevada Packard. 


Alligator Ridge 


Tresure Hill... 
Eberle, 
Confidence. 


Ortiz Project.. 


NA. ccccoccecees 





Type of operation 
Underground, heap. 
Open pit and waste 
rock, heap. 

Waste rock, heap.. 
pedGin sin gi Seabee ters 
s isis AO leas /s)sl's\ sists eisiee 


law GOmeretetstanecrereraicts 


Open pit, heap.... 


a ole OOlsiere ee siviets slater 


SIO OCs OKO. ORO OFIC 


aie) oO Ostelsiel sverelaie’ ein era 


aiele G Olalelotelototstelerorerets 


wiereA O's sials/eiotslersiolsiele 


ele eG Ole ele) eraceleveteierelore 


stare Glave: svenetetsrotalaterece 


Waste rock, dump.. 
Waste rock, heap.. 


Open pit, heap.... 


eave 1 Olele  preveteierain erarere 
ain O ctate ois eve'e sialerss 


eisre Cl Olstetels avetavers ctetet 


were GO elevelsie eielelsie etare 


slate AO .ctelivioielslelerelatdiate 


steie\hOlets) ene ic wis cleat aais 

Open pit and waste 
rock, heap. 

Open pit, heap.... 


pi CTLO Revels taretarecer diets @ 


Size of 
1,000 ton/wk.... 
25000! ton/dewss 


300 ton/d....... 
6,000 ton/month. 


NA. cccccnccvccce 


NA Se ms wie) te s/ eine sie 
10,000 ton/d.... 


NAc oocccccccccce 


400,000 ton/yr.. 


NA. cccescoccscce 


1,000,000 ton/yr 
1,500,000 ton/yr 


15500 -ton/ dese. s 


NAc cccccccscvess 
NA. ccccccccccccs 


NA. cccccecscccce 


INA cicleiciatsiotets leis e « 
8,000 ton/d..... 


75000) ton/deasice 


15,000 ton/yr... 
500,000 ton/yr.. 


680,000 ton/yr.. 


50,000 ton/yr... 
34,000 ton/yr... 


750,000 ton/yr.. 





SO0Mt On) dercnuratere 





Workers 


NA 


60 


NA 
140 


200 


48 


NA 


decided to go to a conventional mill with the commercial operation instead of heap leaching. 


6T 


OZ 


TABLE 3. - Ore mineralization and process characteristics 





Ore Influent solution 
Ore grade, prepa- NaCN Alkalinity Application 


Host rock Mineralization oz/ton ration: conc, Strength, Rate, |Interval, 
1b/ton Control 1lb/ton Me thod gal/min day 


“ft 2 
EUmes CONE Wei cicis es oipicieisiels sees es sivelee se | DLLVET is 6 6 sae NA dis c.stors a NAcestetctarslersistore arene 14 
NA Ssereteis oiviwie-clp wisinie lela’ s oie a’e sevelsieraivisie't 0 sleGOvisre cies vices NA Sis's:ciais's NA ‘sc cieiwsis's's ees ele 7 
NA. ccccccccccccccnccccccccccccses| COLArgyrite. ose NaOH....- Rainbird NA 
sprinklers. 
Diabase and granite.......e..e.-.| Native gold NA Sccic e's Holes in pipe; 21 
and pyrite. few rainbird 
sprinklers. 
NAciicceccesesvincesicccecencecseesee| FLCG GOlds cece NaOH..... Fixed sprays.... 14 
NA. cocccccccccccccecccccccvccess| Cerargyrite, oe edOcece Holes in pipe, 90 
bromyrite. rainbird 
sprinklers. 
Breccia (Miocene)..........0+.2.2.| Native gold eaedOls wee Rainbird sprin- 56+ 
(oxidized klers, double 
tellurides). coverage. a 
Flow breccia overlain by inter- Gold (oxidized) NA NAiews< cis INA ecacetets ate eros stators NA 
bedded sandstones, shales. 
Dolomite and limestone, Yellow Boel Olaceie seieie) eee! 45,000 NA Sstecsiee Sprinklers...... 7 
Jacket Fn. (21 wash) 
Brecciated Greyson shale, Spokane| Gold... ..ccseooe 40,000 NA. ccccee Rainbird sprin-— 90 
Fm. (Precambrian). klers, 50-ft 
centers. 
Shear zones in syenite...........|Native gold, 500,000 CAO se reics's Sprinklers...... 15- 30 
silver. 
80 ,000- Cac ie ciate siereOOlete ers levee ale) os NA 
300,000 
310,000 Self- Ponding..ce..see NA 
induced. 
NA Lime..... Bagdad wigglers, NA 
10-ft spacing. 
NA NAc ntsisteisie Rainbird NA 
Roberts Mountain Fm. (Silurian). sprinklers. 
Limestone, Roberts Mountain Fm. Si pisid Oleic arse wieverens NA NaOH Rainbird sprin- NA 
(Silurian). 0 klers, 50-ft 
spacing. 
Brecciated limestone and shale, asia Osiaisle sreieie's/¢ 170,000 CROR Rar sisie Ch Olntsle esis ieleie/ers NA 
Roberts Mountain Fm. (Silurian). 
Candelaria shale-sericitized and |Argentite, ar- NA NAicreieieretate NAistcs's sclse cc eels NA 
argillized (Lower Triassic). gentojarosite. 
Welded rhyolite tuff (Miocene)...|Gold...ccccsces ; NaQHinc's os Bagdad wigglers, 42 
36-ft centers. 
Andesite and rhyolite............|Gold, silver... -08 sino dOeeie's Rainbird 14 
sprinklers. 
Rhyolite....cccscccsccccccccccceee| Argentite, ils if Lime..... @ sCON sp sis s wisinla a Inter- 
cerergyrite... mittent. 


Silicified siltstone.............| Submicroscopic 212 oe edOssce Senninger NA|30- 40 


gold. wobblers. 
Limestone over shale.............| Silver chloride Var. NaOH....- © 6 0dOec:c viele e1seie 180 


orc Omatetaw gs cieiminisinees sir eles s e'cies en] ees GOs cists a spies 6 


Sandy dolomite, Hamburg Fm. Gold. wsccccccce 
(Cambrian). 


Limey shales and siltstones, Gold, mercury.. 
Roberts Mountain Fm. (Silurian). 
Brecciated limestone and shale, GONG Aorererslstaaiel ore 


e F F FREES 


NA ccccctsctvecsccesccosseceesse| GOld, silver...| .045— .08 Au NA NAc. s-o:ncuie:s Sprinklers..... NA|60- 80 
ae as Ag 
Brecciated quartzite with pyrite |Gold, minute 205 150,000 Lime..... ve edOccccscecce 50 
and limonite. amount of 
silver. 
Quartz sinter. ..ccesccscsesceccese.|/Gold, silver...| .23 - .33 
63 Pipes and lawn 20 

sprinklers, 60 
full-jet steel 
nozzles. 





NA Not available. ROM Run of mine. Var. Variable. ‘agglomerated. 








NA 


Effluent solution 


Leach 
solution 
grade, 
oz/ton 


Not available. 








Solution 
loss 


NaCN 
consumed, 
1lb/ton 


NaOH-CaO 
consumed, 
1b/ton 





NAcevcecee 
NA. seeceee 
NAvevccves 


20 to 30 
gal/min. 
10 to 15 
pet. 
NAc ccccccs 
100 gal/ 
min. 
NA ccccese 
15 to 20 
gal/ton. 
30 pete... 


Va occcees 
Var ececaes 
80 ton/d.. 
10 pet... 
NA. wsceses 
15 to 20 


pets 
30 peticc. 


RA Seasons 
F PCO ccscs 


NA. ccwcene 


30 pet ccce 
NAwescccce 
Stpetowee « 
NA eacucac 


NAcccocece 


NAc cvcccee 


NAp Not 


applicable. 








Var. 








TABLE 


Recovery technique 


Zine precipitation. 
we edOcccnnncsccceds 


we tdOsnccnccnsusacce 
Joes cwuae nuns e ma ce 
Charcoal adsorption 


Zine precipitation. 
Charcoal adsorption 


wala Ghat ale ust ate ae oat ae 


ae GO wide viulela aicteiale alle 


age Wate ale cae alain otane 


Zinc precipitation. 
ein SEOs eee caevcesees 
Carbon adsorption.. 


Zine precipitation. 
Carbon adsorption... 


saudi Noldinia aie) aisistel aieida 


HP CGO rn Stele Sire emtOCae 


NAcscncvvcnccvccons 


Charcoal adsorption 


Zinc precipitation. 


wecdOcawscccncccces 
Charcoal adsorption 
NAc ccccccccersevion 
Add Na S to precip- 
itate for Ag, then 
C adsorption for 
Au. 
Carbon adsorption.. 


dae viene ee ous a elaies 


Variable. 


4, 





Zinc 
activity 
booster 

INAS dels wie sca 
NAc dieclcwe wes 
WiAte aie a’e' «e's 
Lead acetate 


NAcsccccevce 


NA. cecuconce 
NAPs. os wee aie 


NAPs accscuce 
NAP esscccecs 


NAD Sine es tee 


Lead acetate 
Sw cOl natare dare 
NAV. cicero emis 
INAS icrarm oie alle oe 
NAD sco a em oie 
NAP. cceeccea 
NAD a ceicee ware 


NA se aie eistevaneie 
NAP. one «iewiave 


Lead acetate 


Lead nitrate 
WADie csc bere mere 
Lead acetate 
NAP cccccccce 


NAP ccseccee 


NAPeccccoces 





Charcoal 
loading, 
oz/ton 
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FIGURE 12. - Leaching operation locations in 

the United States. 
ARIZONA 

Arizona has been second only to Nevada 
in hosting solution mining operations. 
The latest figures show that 14 opera- 
tions had been strongly considering heap 
leaching (table 1), and 6 of these have 


provided enough data to warrant inclusion 
in tables 2 to 4. 


A heap leaching operation has been es- 
tablished near the Congress Mine shafts, 
which originally supported underground 
gold mining. Rock from the waste-rock 
dumps is being crushed and hauled to the 
leaching pad, where three separate heaps 
are being leached. After rock from the 
original waste piles is exhausted, the 
company is considering opening another 
underground mine adjacent to the existing 
shafts to provide ore for leaching. 


Near Tombstone, the State of Maine Min- 
ing Co. has established an operation at 


an old underground silver mine of the 
same name (17). Feed for the heaps is 
obtained from waste rock dumps from the 











original operations. Plans are being 
made to resume underground mining to ob- 
tain new ore when the dump material is 
exhausted. The material will probably be 


crushed to boost the recovery. The State 
of Maine Mining Co. also manufacturers 
small zinc~-precipitation processing 


plants for leaching operations. 


At the nearby Contention Mine (also 
including the Grand Central and Flora 
Morrison Mines), Tombstone Exploration, 


Inc., is removing overburden and mining 
low-grade ore over the original under- 
ground working (16). Most of the rock 
can be mined by scrapers after it is 
ripped with bulldozers. The rock is 
crushed and presoaked with cyanide solu- 
tion before being agglomerated into low- 
strength pellets. Pellets are formed by 
a unique inclined conveyor designed by 
the company. The material is then placed 
on a pad for leaching in 6,000-ton heaps 
(5 x 106 kg). Geologic investigations 
have delineated ore for at least 20 yr of 
operation. 


Between the State of Maine Mine and the 
Contention Mine, Can-American Mining Co. 
is operating a leaching system for silver 
at the Dry Hills Mine. Although most of 
the leach material has been obtained from 
old mining waste rock, underground devel- 
opment is underway to provide new ore for 
the heaps. Ore is crushed to minus 3/16 
in (0.5 cm) before being loaded on the 
heaps. The recovery averages 50 pct af- 
ter 2 wk of leaching in spite of manga- 
nese contained in the ore. 


Also near Tombstone, Silver Ridge Min- 
ing Co. has conducted heap leaching tests 
on ore from the old Nicholas and Gambasi- 
no Mines. The leaching tests were not 
promising because the manganese makes the 
silver somewhat refractory, and poor so- 
lution percolation occurred in the test 
heaps. Consequently ore will be pro- 
cessed in conventional mills. 


In the late 1970's, Minerals 71, Inc., 
trucked dump material from several sil- 
ver mines around Tombstone to its’ site 
for heap leaching. A million-ton (0.9 
x 109 kg) heap was 


apparently leached 

















for 3 yr before production stopped. 
Since the operation shut down in February 
1979, engineering data are currently 
unavailable. 


Vekol Mine Development Co. has estab- 
lished a heap leaching operation adjacent 
to the Vekol Mine, an old underground 
silver mine located on the Papago Indian 
Reservation south of Casa Grande. Rock 
from mine dumps is placed on a prepared 
pad for leaching. This operation has 
been on-line since 1978. A pad witha 
capacity to hold 25,000 tons (23 x 10° 
kg) of ore is being prepared for heap 
leaching of an exposed silver ore body 
that crops out near the adit of the orig- 
inal mine. About 3 to 5 million tons 
Coats CO oc oe aU kg) of ore could be 
removed from this ore body by surface 
mining. 


Near Humboldt, an experimental heap 
leaching pad was established at. the Lit- 
tle Jessie Mine adjacent to its waste 
rock dump. The rock was placed on the 
heap without crushing. The grade of the 
return solution never reached an accept- 
able concentration even when it was mere- 
ly recycled. Part of the problem may 
have been that the high clay content in 
the rock (due to disintegration of the 
schist) caused channeling. Another rea- 
son may have been that the pyrrhotite ex- 
hausted the cyanide. No further leaching 
activities are planned. 


East of Salome an experimental opera- 
tion was established on the Robinson 
Claims at the site of an opencut gold 
mine that had been located near old 
underground mines. Rock in and around 
the pit was reconstituted into a 4,000- 
ton (4 x 10© kg) heap for an experiment 
where leaching was carried out over sev- 
eral months to determine leaching parame- 
ters and to test equipment. Plans are 
being made to start blasting and hauling 
ore from the opencut for a commercial 
operation. 


At the site of the old San Marcos gold 
mine, east of Wenden, a small leaching 
operation has been established. Dump 
material from the mine was placed ona 


23° 


small pad and leached. An experiment was 
carried out to determine the amenability 
of the ore to agglomeration. Results of 
the experiment look promising, and plans 
are being made to expand the work. 


Several other operations that consid- 
ered leaching but have not provided engi- 
neering data or have closed before sig- 
nificant engineering data could be gath- 
ered include the Montana Mine near Ruby, 
the King Tut Mine, the Pope Mine near 
Willow Beach, the Octave Mine near Yar- 
nell, and several mines around Oatman. 


CALIFORNIA 


Although much gold has been mined in 
California, most has been recovered from 
placers by dredging, hydraulic mining, 
sluicing, and panning. Solution mining 
is noticeable by its scarcity. Only a 
leaching operation run by Chemgold at 
the Picacho Mine north of Yuma, AZ, could 
be located. At that operation, ore is 
placed in successive lifts on one big pad 
and solution is applied by “ponding.” 
Gold Fields Mining Corp. has discovered a 
possibly leachable deposit--called the 
Mesquite deposit--in Imperial County, but 
no tests have yet been run. In addition, 
Anaconda: has conducted agglomeration and 
leaching tests on tailing from the Darwin 
Mill, Inyo County. 


COLORADO 


The solution mining industry is not 
so well developed in Colorado as it is 
in Arizona and Nevada; only the Gold 
Resources-Newport Minerals Inc. operation 
provided enough data for inclusion in the 
engineering tables. 


Since about 1976, the Gold Resources- 
Newport Minerals Inc. joint venture has 
operated an open pit mine-heap leaching 
complex on Globe Hill. Although many of 
the Cripple Creek deposits are telluride 
(and hence not amenable to direct cyanide 
leaching), this mine is in an oxidated 
zone of the breccia from the Cripple 
Creek volcano. A 10,000-ton/d (9 x 10° 
kg/d) mine supplies ore for heaps. The 
ore is blasted using 5-5/8-in (14-cm) 
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blastholes on 10-ft (3-m) centers and is 
leached as run-of-mine. Leaching opera- 
tions extend from May to November. 


Texasgulf, Inc., joined Golden Cycle 
Corp. in a 3-yr, $3 million exploration 
program (29) to evaluate gold mining 
potential of Golden Cycle's properties 
around Victor. One of the projects was 
to renovate and explore the underground 
Ajax Mine. The work was interesting 


because of the plan to try in situ leach- 
ing with chloride and iodine solutions 
for the telluride minerals. Since the 
mine follows a very steeply dipping vein 
structure, it was hoped that the leach 
solution could be applied through hori- 
zontal drill holes following the vein's 
strike and collected in basins prepared 
in the drift after flowing down through 
the fracture system (fig. 13). Problems 
in dissolving the telluride gold ores 
and in collecting the pregnant solutions 
caused the experiment to be abandoned in 
1979. The companies recently announced 
plans for conventional mining and milling 
ore from the Ajax Mine. 
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Dreco Mines, subsidiary of Southern 
Cross, Ltd., conducted a 9,000-ton (8 
x 10° kg) heap leaching test between Del 
Norte and Torres in the eastern San Juan 
Mountains during 1981. Permits are being 
acquired for a 1,500-ton/d (1.4 x 106 
kg/d) open pit mining-heap leaching oper- 
ation. Another heap leaching test was 
conducted by E & B Mining near San Luis 
during the summer and fall of 1982. It 
is not known whether the company plans a 
commercial operation. 


Exploration drilling for ore body de- 
lineation has been conducted at the Gold 
Ray Mine between Copper Mountain and Min- 
eral Hi11°(30). Favorable ore’ for leach— 
ing has been discovered; this ore is oxi- 
dized into free gold, unlike the usual 
Cripple Creek area tellurides. A leach- 
ing plant was constructed for assembling 
at the site. 


Yellow Gold of Cripple Creek, Inc., has 
adopted plans to explore the Rittenhouse 


Mine and refurbish various drifts and 
Part of the plan calls for 


Injection mah i ~ 
o/ 


shafts (32). 
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FIGURE 13. - In situ leaching test at Ajax Mine. 














heap leaching the material in two mine 
dumps located on the property. It is not 
known if tests have been conducted on the 
material. 


Recent news articles have publicized 
the work at Saratoga Mines' sites near 
Central City. No further information is 
available at this time. 


IDAHO 


Several operations in Idaho have con- 
ducted tests on the heap leaching poten- 
tial of lean ore in and around previous 
mining districts. Information on these 
tests and any full-scale activities re- 
sulting from them has been very scant; 
only two are discussed. 


Canadian Superior Mining, Ltd., has 
been conducting experimental heap leach- 
ing of ores from the Stibnite area since 
1974, Although the Yellow Pine Mine was 
originally an open pit operation for an- 
timony and tungsten, gold was encountered 
at one end of the pit. Recent drilling 
has delineated two nearby ore bodies--the 
West End and the Garnet Creek--that ap- 
pear favorable for leaching. In the fall 
of 1978, Canadian Superior conducted a 
500-ton (0.45 x 10© kg) heap test on 
crushed ore; two other tests were con- 
ducted during the summer of 1979. These 
tests led to a leaching plan whereby the 
ore would be mined from two. open pits, 
placed into 45,000-ton (41 x 10® kg) 
heaps, and leached. Production began 
late in 1982 after completion of an Envi- 
ronmental Impact Statement by the U.S. 
Forest Service. 


Canadian Superior had also obtained the 
rights to explore and develop a gold min- 
ing property owned by Thunder Mountain 
Gold, Inc., in the Thunder Mountain dis- 
trict near McCall (31). After Canadian 
Superior terminated its agreement with 
Thunder Mountain, anew agreement was 
reached with Phillips Petroleum for de- 
veloping the property with Coeur d'Alene 
Mines Corp. as the operator. The gold 
apparently occurs at a shallow depth that 
would permit open pit mining. The opera- 
tion would probably be patterned after 
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plans developed for the proposed opera- 
tion in nearby Stibnite, where ore would 
be heap-leached and recovered by charcoal 
adsorption. 


MONTANA 


Heap leaching for gold and silver is 
rapidly emerging in Montana. Of the sev- 
eral operations that have expressed in- 
terest, 2 have reached full commercial 
production, and 1 is conducting large- 
scale field tests. 


The two operations are on _ opposite 
sides of a peak in the Little Rocky Moun- 
tains (15, 6). lLandusky Mining, Inc., 
and Zortman Mining, Inc., are both owned 
by Pegasus Gold, Ltd. One mine is a few 
miles north of Landusky near the old Au- 
gust and Gold Bug Mines. An open pit 
mine produces 24,000 ton/d (22 x 106 
kg/d) to supply the heaps. Blastholes 
are drilled on a 10- by 8-ft (3- by 2-m) 
pattern to depths of approximately 40 ft 
(12 m). The other mine is north of Zort- 
man near the old Ruby Gulch Mine. Here 
two open pits produce 17,000 ton/d (15 
x 106 kg/d) of ore. Blastholes are on an 
8- by 8-ft (2- by 2-m) pattern. Together 
the two operations were estimated to con- 
tain 50 million tons of reserves at ore 
grades favorable for heap leaching and 
are annually producing 40,000 oz (1.2 
x 106 g) of gold and 90,000 oz (2.8 x 
10© g) of silver. 


The Golden Sunlight Property 6 miles 
east of Whitehall hosted extensive un- 
derground mining for gold through the 
early 1950's. As part of its Heavy Met- 
als Program, the Bureau of Mines and oth- 
er agencies conducted detailed economic 
analysis of conventional mining on 
the property (1). The present operator, 
Placer~Amex, first experimented with 
leaching on a 26,000-ton (24 x 10® kg) 
test heap. The heap was’ segregated into 
five segments (each containing a differ- 
ent size distribution of ore) that pro- 
vided solution for five separate charcoal 
adsorption units. The heap was’ then ex- 
panded to 40,000 tons (35 x 10© kg) for 
a full production test. Feed for this 
effort was run-of-mine rock. High clay 
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content in the ore caused percolation 
troubles; the heaps had to be periodical- 
ly ripped. These troubles led to a re- 
cent decision to construct a conventional 
mill complex for processing the ore. 
Heap leaching has been dropped from imme- 
diate consideration. 


In 1978 a heap leaching test was car- 
ried out on ore from the Tourmaline Queen 
Mine east of Boulder. Approximately 
25,000 tons (23 x 10® kg) were satisfac- 
torily leached. A 30,000-ton (27 x 106 
kg) heap was constructed, and caustic was 
added for a new test to be conducted when 
the snow melted in the spring of 1979. 
When this test also proved _ successful, 
ore was obtained from an open pit mine 
for a commercial-scale heap. Since re- 
covery from this heap was’ lower than an- 
ticipated, the ore was crushed and re- 
placed on the heaps for leaching in 


1981. Approximately 3 million tons (2.7 
x 109 kg) of ore graded at 0.07 oz/ton 
(0.024 g/kg) gold were delineated from 


open pit mining. 
NEVADA 


Nevada is currently the center of heap 
leaching activity. Numerous operations 
have been or are actively considering 
leaching. The Smoky Valley, the Cortez, 
and the several Carlin operations have 
all been well documented in mining liter- 
ature. Enough data are available on 1l 
of these operations to warrant their in- 
clusion in tables 2 to 4. 


The Carlin Gold Mining Co. operation 
pioneered solution mining systems tar- 
geted for low-grade, disseminated, oxi- 
dized gold ore bodies. Commercial heap 
leaching operations began in 1971, fol- 
lowing laboratory and pilot scale tests. 
About 10,000 tons (9 x 106 kg) of low- 
grade oxidized ore were leached each 
month between April and October. Four 
leaching pads were eventually placed in 
operation. Although the pads were gen- 
erally leached about 7 days before re- 
placing the ore, solutions were applied 
until their gold grade dropped below 
0.015 oz/ton (0.005 g/kg). Although the 
ore from this mine is now processed in a 


conventional mill, portions of the ore 
body are amenable to future heap leaching 
(35). Exploration activities have uncov- 
ered two other ore deposits near the 
mine--the Maggie Creek and Gold Quarry 
Prospects——-portions of which will proba- 
bly be heap-leached. Contracts have been 
awarded to construct mining and heap 
leaching facilities at the Maggie Creek 
Deposit, and approximately 2.5 million 
tons (2.3 x 109 kg) of ore had been 
leached at the mine by the end of 1980. 


Carlin also has been dump-leaching at 
the Bootstrap Mine north of its Carlin 


pit. The Bootstrap Mine was a_ surface 
operation from the late 1960's until 
1978. A sizable waste rock dump on the 


property is being leached. The dump was 
originally placed on a compacted ancient 


lakebed, which makes an impervious pad 
suitable for leach solution containment. 
The dumps are merely leveled to facili- 


tate solution distribution. 


Numerous small, underground mines 
around Round Mountain produced gold from 
the turn of the century until the late 
1930's. Now Smoky Valley has established 
an open pit mining and heap leaching 
operation near Round Mountain (25, 41). 
By 1977, the operation was _ producing 
85,000 oz (2.6 x 10© g) of dore bullion 
per year consisting of two-thirds of gold 
and one-third of silver. To achieve this 
rate, about 8,000 tons (7 x 10° kg) of 
ore and 7,000 tons (6 x 10° kg) of waste 
rock are mined per day. The ore is 
crushed, placed on a pad, and leached in 
one lift. The spent ore is then rinsed 
and moved off the pad to make room for 
the next batch of ore. Five pads are in 
continuous operation; four are being 
leached and one is being reconstituted at 
any given time. Three new pads were con- 
structed during 1980. 


Another leaching operation that is well 
documented is Placer-Amex's Cortez Mine 
(13-14). The Cortez Mine opened as a 
surface operation for a conventional mill 
in 1969. Although the ore body was ex- 
hausted by spring of 1973, the mill con- 
tinued to process ore trucked from the 
nearby Gold Acres Mine. 


During mining 














Operations, marginal ore (below mill 
grade of 0.08 oz/ton [0.03 g/kg]) was 
stockpiled. When tests run on this mate- 
rial indicated that it might be suitable, 
a heap leaching operation began in 1971. 
In 1976 the conventional zinc precipita- 
tion mill circuit was converted to an 
activated carbon adsorption system. 


Placer-Amex also operated the nearby 
Gold Acres leaching operation. Although 
currently idle, the operation has been 
well publicized (13). The site of an 
early mine, Gold Acres was open-pit-mined 
beginning in 1973 to feed the Cortez mill 
as a replacement for the depleted Cortez 
Mine ore. When this operation proved 
successful, a new leaching plant was con- 
structed at the Gold Acres site. It was 
one of the first, if not the first, conm- 
mercial applications of the charcoal ad- 
sorption system in the country. The high 
clay content of Gold Acres ore created 
lower percolation rates and recoveries 
than were obtained from the nearby Cortez 
Mine. The clayey Gold Acres ore was not 
suitable for leaching from lifts placed 
on top of each other, and periodic rip- 
ping was needed to prevent ponding. Fur- 
thermore the ore was highly carbonaceous 
and thus very refractive below the oxi- 
dized zone. Although approximately 5 
million tons (4.5 x 10? kg) of ore had 
been heap-leached at Gold Acres and Cor- 
tez by the summer of 1977, the only cur- 
rent plans center around leaching waste 
dump rock from the idle Gold Acres prop- 
erty. Cortez has also announced plans to 
develop the nearby Horse Canyon Deposit, 
but it is anticipated that conventional 
milling rather than heap leaching will be 
used, 


South of Eureka, a heap leaching oper- 
ation has been in production several 
years. Near the original Windfall Mine 
underground workings, Idaho Mining Co. 
has produced ore from an open pit mine to 
feed its heap leaching operation. The 
operation is one of two that uses a pond- 
ing technique for solution distribution 
on the pads (fig. 8). Ore is hauled from 
the mine to the pad area and_ stacked. 
Berms are laid out on the surface of the 
pad to control the solution flow. Since 
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the ore is a sandy dolomite, essentially 
clay free, percolation rates remain ac- 
ceptable. Idaho Mining also opened a new 
pit on the property in a zone that con- 
tains some clay. It will be interesting 
to see if adequate percolation can be 
maintained on ore from the new pit. In 
January 1980, Windfall Venture purchased 
the operation from Idaho Mining. 


Occidental Minerals Corp. dedicated its 
Candelaria operation in November 1980. 
At one time many underground silver mines 
were operating in the Candelaria dis- 
trict. Two of these mines--Lucky Hill 
and Mt. Diablo--are being stripped and 
open-pit mined to provide feed for a 
large heap leaching operation. Although 
the overall ore grade is good, the manga- 
nese oxide content makes it somewhat re- 
fractory. A number of experiments were 
carried out at the site, ranging from 
500-1b (200-kg) “barrel” tests up toa 
pilot heap leach on 11,000 tons (10 x 106 
kg) of ore. Based on the successful pi- 
lot test, plans were made to mine the two 
deposits at a rate of 8,000 tons (7 x 10° 
kg) per day along with 16,000 tons (14 
x 10° kg) per day waste rock. Stripping 
began in the spring of 1980, and the 
first silver was poured in the fall of 
1980. In 1981, its first year of produc- 
tion. the operation produced 1.7 million 
oz (53 x 10© g) of silver and 9,200 oz 
(0.28 x 10© g) of gold. The company pre- 
ferred not to disclose engineering data 
from this stage of development. In June 
1982, the operation closed because of the 
decline in silver prices. In 1983 Nerco 
Metals bought Occidental Minerals and re- 
opened the Candelaria operation. 


American-Selco and Occidental Minerals 
combined ona _ successful heap leaching 
experiment on Alligator Ridge about 60 mi 
(96 km) northwest of Ely. First a 5,000- 
ton (4.5 x 10© kg) heap containing 0.18 
oz/ton (0.06 g/kg) gold was leached for 
2 months, with an 80-pct recovery. Next 
the same amount of ore was leached after 
the fines were agglomerated, follow- 
ing the Bureau's technique (see section 
on ore preparation), and the same re- 
covery was obtained in only half a 
month. Following these successful tests, 
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construction began in the spring of 1980, 
and the operation is now producing about 
60,000 oz (180,000 g) of gold per year. 


D Z Exploration has been conducting ex- 
periments at the Packard Mine in an old 
silver mining district northeast of Love- 
lock for two seasons. The first experi- 
ments were on run-of-mine-sized material 
from the waste dumps. Since this materi- 
al had weathered, enough fines were cre- 
ated to restrict percolation through the 
reconstituted heaps. Attention focused 
in 1979 on the Bureau's agglomeration 
technique as a means to improve percola- 
tion. To test the technique on this 
rock, ore was crushed to three sizes--2 
in’ (58cm)s 0 77/8tintse2 cm), anande. gy logan 
(1.4 cm)--and agglomerated using 10 1b 
(4.5 kg) of cement per ton (90 kg) of 
ore. Cement was added to the crushed ore 
by a unique auger arrangement. Water 
Spray was directed at the mixture, which 
then tumbled down an incline to complete 
the agglomeration. An 8-ft (2-m) high 


heap containing several hundred tons of 
each size material was then leached. 
Based on the _ results and additional 


drilling, full-scale production was ex- 
pected to begin in 1981, but no updated 
information is available. 


Pinson Mining Co. opened a major open 
pit mining and milling complex in Hun- 
boldt County during 1981 (39-40). Ap- 
proximately 500,000 tons (0.45 x 109 kg) 
of material below the 0.05-oz/ton milling 
cutoff grade were stockpiled for future 
leaching. Pads were built in 1982 for 
several heap leaching tests involving ag- 
glomerated and unagglomerated ore, scale 
inhibitors, oxidizers, solution applica- 
tion techniques, etc. These pilot tests 
then formed the basis for designing a 
full-scale heap leaching facility that 
began operation in December 1982. Tests 
are now being conducted on material from 
the nearby Preble ore body. 


Other operations that have been dis- 
cussed by the mining press’ include the 
United Hearne Resources, Ltd., operation 
near Hamilton, the Getchell property 
recently purchased by First Missis- 
sippi Corp., the Bald Mountain property 





northeast of Ely, the Relief Canyon prop- 
erty being tested by Lacana Mining north- 
east of Reno, Dee Gold Mining Co.'s Boul- 
der Creek property near Carlin, Gila 
Mines Corp.'s mine near Reveille, the 
Borealis Mine managed by Houston Interna- 
tional Minerals Division of Tenneco, 
Inc., the Tuscarora operation that be- 
longs to Tuscarora Associates, and _ the 
Gold Crown Mine in the Current Creek dis- 
trict operated by Great American Gold Co. 
The large number of leaching operations 
emerging in Nevada each year makes it inm- 
possible to accurately track all of them. 


Since this is not the purpose of the 
report, other Nevada operations are not 
discussed. 


NEW MEXICO 


Solution mining operations have been 
relatively rare in New Mexico; only three 
have been identified. One of these is 
now inactive, while two are currently 
producing gold. All three are listed in 
the engineering data tables. 


Gold Fields Mining Corp. has_ brought 
the Ortiz Mine, 35 miles (56 km) south- 
east of Albuquerque, back into production 
with a heap leaching operation (22). The 
activity stems from a mining and leaching 
plan submitted in 1978 to the New Mexico 
Health and Environment Department. Ore 
is being produced from a 3,000-ton/d (2.7 
x 106 kg/d) open pit mine, which is be- 
ing dewatered by a_ series of peripheral 
wells. After the ore is crushed to less 
than 3/8 in (9.5 mm), it is placed on a 
pad with a traveling gantry system. Peb- 
ble lime is added to the ore to control 
pH yet minimize scale problems’ that are 
normally encountered when "“milk-of-lime” 
is added to the makeup solution. Gold 
recovery has averaged 78 pct with a high 
of 87 pct since the operation opened. 


During the mid-1970's interest revived 
in the old Cooney mining district around 
Mogollon. Mine dumps from the Confidence 


Mine and surface vein ore from the Eberle 
Mine were tested by Challenge Mining Co. 
for leachability with favorable results. 
The company has developed a 2-yr plan for 
heap leaching at a rate of 34,000 ton/yr 

















(31.% 108 kg/yr) (18). After 2 yr this 
material will be depleted, which will re- 
quire underground mining in the old Eber- 
le workings. An estimated 300,000 tons 
(0.27 x 109 kg) grading 4 oz/ton (1.4 
g/kg) silver and 0.08 oz/ton (0.027 g/kg) 
gold remains in the mine. 


In 1975, Canorex opened a 500-ton/d 
(450 x 103 kg/d) open pit gold mine to 
provide feed for a heap leaching opera- 
tion (7). Two adits in the ore body had 
proven ore reserves of 1 million tons 
(0.9 x 109 kg), grading 0.23 oz/ton (0.08 
g/kg) gold and 0.63 oz/ton (0.21 g/kg) 
Silver. A plant was constructed to han- 
dle solution from the heaps. The opera- 
tion apparently went well for a while but 
has not produced recently. 


SOUTH DAKOTA 


Two heap leaching operations have 
been identified in South Dakota. One 


PERMITTING 
FEDERAL REGULATIONS 


The Resource Conservation and Recovery 
Act of 1976 (RCRA) has’ been the Federal 
regulatory action recently attracting the 
most attention from miners (34). Aimed 
at improving resource conservation and 
recovery through land use control, the 
act establishes a Federal-State permit 
System for hazardous waste management. 
Originally the mining operators were con- 
sidered to be producers of hazardous 
waste and operators of hazardous waste 
treatment, storage, and disposal facili- 
ties. So many problems arose in attempt- 
ing to apply the regulations to mining 
operations, however, that an amendment 
was passed in October 1980 to exempt min- 
ing from the law while studies were con- 
ducted. It is safe to assume, however, 
that this act will eventually impose some 
control. Since the material on a leach- 
ing pad and any leachate emanating from 
it could be considered hazardous wastes, 
leaching operations will fall under 
the purview of the act. Ground water 
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functioned at the pilot-scale level in 
1980; the other has applied for the per- 
mits necessary to construct a pilot 
facility. 


Cyprus Exploration is Operating the 
pilot-scale leaching test at the Gilt 
Edge property 4 miles (6 km) southeast of 
Lead in the Black Hills. At the site of 
early mining activity, a pad and solution 
ponds were constructed for a_ 1,900-ton 
(1.7 x 106 kg) heap. Further information 
is unavailable at this time. 


Tiaga Gold Corp.—-Wharf Resources, Inc., 
has delineated a 5-million-ton (4.5 x 109 
kg) ore body at 0.04 oz/ton (0.014 g/kg) 
gold on their Anne Creek property 4 miles 
(6 km) southwest of Lead. Plans are be- 
ing made to heap-leach the ore with a 
System patterned after the Zortman- 
Landusky operations in Montana. 


REGULATIONS 


monitoring programs will be required to 
assure that the uppermost aquifer will 
not be harmed. Although the U.S. Envi- 
ronmental Protection Agency (EPA) is 
charged with administering the permit and 
enforcement provisions of the act, EPA 
intends to pass on the permit system to 
the States. 


EPA is also charged with implementing 
the Safe Drinking Water Act and, partic- 
ularly interesting to in situ leaching 
operators, its Underground Injection Con- 
trol Program. This program establishes a 
permitting system for five classes of 
wells by which fluids are injected or 
disposed into the ground. EPA also regu- 
lates surface discharge permits under the 
National Pollutant Discharge Elimination 
System (NPDES) and the Prevention of Sig- 
nificant Deterioration Program, which may 
affect a potential leaching system. 
Operators should contact the closest re- 
gional EPA office for clarification on 
permits required (table 5). 
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TABLE 5. - Environmental Protection Agency regional offices issuing hazardous 


waste and surface discharge permits 







Region IV 
Enforcement Division 
lst International Bldg. 
1201 Elm St. 

Dallas, TX 75270 

(214) 749-1983 






New Mexico 
Texas 









Region VIII 
Enforcement Division 
Suite 900 

1860 Lincoln St. 
Denver, Co 80203 
(303) 837-3868 


Colorado 
Montana 
North Dakota 
South Dakota 
Utah 

Wyoming 





Leaching operations targeted for U.S. 
Forest Service, Bureau of Land Manage- 
ment, or other Federal lands will proba- 
bly require an environmental assessment 
before permission to proceed is granted. 
A prospective operator should clear this 
through the district office of the Fed- 
eral agency controlling the land. A 
helpful discussion of regulations and 
procedures is contained in "Forest Ser- 
vice Current Information Report No. 14,” 
available at Forest Service offices. 


In addition, recent Bureau of Land Man- 
agement (BLM) regulations (43 CFR 3800) 
on Surface Management of Public Lands Un- 
der U.S. Mining Laws went into effect 
January 1, 1981, for the purpose of pre- 
venting undue degradation and requiring 
reasonable reclamation of BLM lands dis- 
turbed by any mining. Depending on the 
level of activity and size of the dis- 
turbance, a plan must be filed and some- 
times approved by BLM before mining can 
proceed. 


STATE REGULATIONS 


Permits required for leaching vary con- 
siderably from State to State. Table 6 
lists a few key permits and gives the as- 
sociated State agencies to be used as 
initial contacts. These contacts can 
provide details on which permits are re- 
quired and the regulations and require- 


ments pertaining to each. 


| Coverage | Office 






Coverage 

























Region IX 

Enforcement Division Arizona 
215 Fremont St. California 
San Francisco, CA 94105 Nevada 
(415) 556-2320 

Region X 

Enforcement Division Idaho 

1200 6th Ave. Oregon 
Seattle, WA 98101 Washington 


(206) 442-1220 


It is interesting to note that Califor- 


nia and Colorado have moved toward con- 
solidating permit requirements into one 
office. In California, the central con- 
tact is the Department of Economic and 
Business Development, which provides any 
new business venture with a complete list 
of necessary permits and directions for 
obtaining them. The county commissions 
assume leadership in California during 
the permitting process. 


Colorado has developed a voluntary pro- 
cess, tailored primarily for large opera- 
tions, whereby a company can request a 
Joint Review of a proposed mining proj- 
ect. If a company requests’ this Joint 
Review, the State coordinates interests 
of all involved Federal, State, and local 
agencies and develops a statement of re- 


sponsibilities and problems that must 
be resolved and a schedule of activities 
during the regulatory time period. Com- 


panies that do not wish to use the Joint 
Review process may proceed as before, by 
interacting with the permitting agencies, 
a list of which can be obtained from the 
Colorado Department of Natural Resources 
(table 6). 


For the other States where leaching is 
practiced, table 6 lists the prime agency 
contacts. 
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TABLE 6. — State permitting agencies 


Agency Remarks 














ARIZONA 
Department of Natural Resources | Booklet on laws and 
Mineral Bldg., Fairgrounds regulations. 


Phoenix, AZ 85007 
(602) 255-3791 


or 


State Office Bldg. 

415 West Congress, Room 190 
Tucson, AZ 85701 

(602) 882-5399 


State Mine Inspector 
705 West Wing 
Capitol Bldg. 
Phoenix, AZ 85007 
(602) 255-5971 


Bureau of Water Quality Control 
Arizona Department of Health 
1740 West Adams 

Phoenix, AZ 85007 

(602) 255-1252 


Department of Water Resources 
99 East Virginia 

Phoenix, AZ 85004 

(602) 255-1550 




















Mining code and 
regulations. 


Must be notified of commencement or 
suspension of operation. Regulates 
health and safety. 


Water discharge 
permit. 








New water supply 
permit. 









CALIFORNIA 
All necessary 
permits. 


Department of Economic and 
Business Development 
LiZOuN Ses 

Box 1499 

Sacramento, CA 95805 
(916) 322-1394 










Provides all permitting information 
for any business. 





















COLORADO 
Joint review 
process. 


Department of Natural Resources 
Executive Director's Office 
1313 Sherman St., Room 723 
Denver, CO 80203 

(303) 839-3337 


The joint review process is an op- 
tional consolidated review proce- 
dure for major energy and mineral 
resource development projects. 


Colorado permit 
directory. 


Operator may elect to obtain permit 
directory and deal with permitting 
agencies. 






IDAHO 
Department of Lands Mining permit...... 
Bureau of Minerals 
State House 
Boise, ID 83720 


(608) 334-3569 


Manager Source Control Section 
Water Quality Bureau 

Division of Environment 
Deapartment of Health & Welfare 
State House 

Boise, ID 83720 

(208) 334-4059 












Waste water treat- 
ment review. 


Review, no permit. 
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TABLE 6. - State permitting agencies—-Continued 


Agency 


Department of State Lands 
Reclamation Division 
Hard Rock Bureau 

Capitol Station 

Helena, MT 59601 

(406) 449-2074 


Department of Health and 
Environmental Sciences 

Water Quality Bureau 
Room 206 

Cogswell Bldg. 

Helena, MI 59601 

(406) 449-2406 


Administrator 


Division of Mineral Resources 
Department of Conservation and 


Natural Resources 

Nye Bldg. 

201 South Fall St. 
Carson City, NV 89710 
(702) 885-4368 





Bureau Chief 
Health and Environment 
Department 

Environmental Improvement 
Division 

Water Pollution Bureau 
Box 968 

Santa Fe, NM 87503 

(505) 827-5271 


Land Management Specialist 
Department of Agriculture 
Conservation Division 
Surface Mining Program 
Anderson Bldg. 

Pierre, SD 57514 

(605) 773-4201 


Department of Health 
Division of Environment and 
Health 

Joe Foss Bldg. 

Pierre, SD 57514 

(605) 773-3361 


Department of Water and 
Natural Resources 
Division of Water Quality 
Joe Foss Bldg. 

Pierre, SD 57514 

(605) 773-3351 








“Ground water qual- 





Remarks 

MONTANA 
Operating permit... | If over 36,000 ton/yr and/or 5 acres 
disturbance; otherwise small mines' 
exclusion. 


Water discharge 
permit. 


NEVADA 
Mining permit...... | Also will provide a list of State 
and Federal permits required before 
a mining permit can be granted. 


NEW MEXICO 
Administer the Water Quality, Con- 
trol Commissions regulations. 





ity permit. 












SOUTH DAKOTA 
Reclamation permit. | Lead agency; coordinates input from 
other agencies. 


Solid waste dispo- 
sal permit. 


Water quality 
permit. 
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LEACHING PROBLEMS AND RESEARCH 


PERCOLATION 


Several problems hamper broader appli- 
cation of leaching methods for recovering 
gold and silver. A prime problem is the 
predominance of silt- and clay-size par- 
ticles in some ores that prevent uniform 
leaching solution percolation through 
the ore heaps. A high clay content will 
cause ponding and/or channeling, which 
blocks much of the ore from contact with 


the solution. Since small particles 


leach faster and more thoroughly than 
large ones, operators frequently crush 
the ore before leaching. Unfortunately 
crushing also can produce the extremely 
fine sizes that promote blockage and 
channeling. Even without crushing, some 
ores have a strong tendency to disinte- 
grate into clay through natural weather- 
ing agents and/or action of leaching 
solutions. Tests should be run _ on the 
ore to determine the percolation rate 
and metal recovery for various’ size 
distributions. 


Bureau of Mines research on agglomera- 
tion techniques provides the most promis- 
ing solution to clay problems; this was 
described in the section on Leaching 
Operations and in references 27 and 28. 
The several operators who have tried this 
technique have observed rather spectacu- 
lar inceases in percolation and recovery 
rates. Tombstone Exploration's Conten- 
tion Mine agglomerates its ore, as do the 
Alligator Ridge, Packard, and Candelaria 
operations. 


An extremely low permeability (tight) 
matrix presents a problem to _ leaching 
operators, again because the _ solution 
cannot reach the minerals. Weathered and 
oxidized ores generally leach better than 
unoxidized ones because oxidation breaks 
down an impermeable matrix. Heavier pow- 
der factors during mining may fracture 
the ore better, increasing the solution's 
access. A fresh, tight ore may, however, 
yield its values only if it is crushed 
and ground to a_ small enough size to ex- 
pose the metallic mineral grain. Crush- 
ing and in particular grinding, however, 





greatly boost the costs of preparing the 
ore for leaching. As previously men- 
tioned, it is imperative that laboratory 
tests be conducted to determine the most 
economical crushing size range. 


TEMPERATURE 


Solution temperature is a significant 
factor in leaching reactions. The chemi- 
cal reaction between gold and silver and 
cyanide proceeds much faster in warm so- 
lutions. Below 10° C (50° F) the reac- 
tion is appreciably slower than it is at 
normal summer operating temperatures. In 
practice, however, most operators work in 
cold weather until the solutions begin to 
freeze. Depending on its location, a 
mine can lose several months per year of 
potential leaching time in cold weather. 


A successful research program on meth- 
ods to heat solutions for leaching would 
provide a valuable improvement in the 
technology. A solar heating system would 
seem to be an ideal candidate since most 
leaching operations are located in arid 
regions with little cloud cover. Saline 
evaporation ponds may also be a possible 
source of heat for leaching solutions. 


The only reported research on solution 
heating is by Smoky Valley at its Round 
Mountain operation, where a 25-million- 
Btu/h (7.3-million-W) submersible kero- 
sine heater installed in the leach solu- 
tion pond has proven successful (26). 


SOLUTION LOSS 


At most leaching sites, 10 to 25 pct of 
the leaching solution is lost by evapora- 
tion. Since the leaching solution must 
contain high oxygen levels and since this 
is most easily achieved through spraying, 
evaporative losses seem inevitable. Im- 
portant research topics would be to de- 
termine this loss and to measure dis- 
solved oxygen in solutions as a function 
of the application method. 


Besides the evaporative losses, gangue 
minerals in the ore consume both the 
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lime or caustic soda. 
Consumption may run as high as 25 to 50 
pet. Since the interactions between cya- 
nide solutions and most gangue minerals 
are well established, no new research is 
recommended for cyanide leaching. For 
those deposits that exhibit high cyanide 
consumption, research on alternative lix- 
iviants may be warranted. 


cyanide and the 


CALCIUM SALT SCALE 


Calcium salts in distribution lines 
pose a major problem with most systems, 
particularly those that use lime for al- 
kalinity control. At least one operation 
also experienced problems with barium 
salts clogging spray nozzles. The miner- 
al scale prevents operators from using 
some small~orifice components in their 
distribution systems, such as the drip 
irrigation tubes used in copper leaching 
operations, and is particularly trouble- 
some in sprinklers; frequent soaking in 
hydrochloric acid is about the only cure. 
Several operators mix a_ scale inhibitor, 
such as the Surfo-H35 organic phosphate 
marketed by Baroid, with the leaching so- 
lution to keep the calcium minerals dis- 
solved. Some additives, however, occa- 
Sionally form colloidal suspensions that 
plug filtration systems. 


Bagdad wigglers, first used to distri- 
bute solutions at the Bagdad copper mine, 
offer a possible means to combat calcium 
salt scale. Simple to construct (fig. 
7), the large-diameter tubing will remain 
open much longer than the small orifices 
of oscillating sprinklers and is easy to 
free from lime scale. 


Many operators have experimented with 


NaOH instead of lime to control pH with 
considerable reduction in the rate of 
lime scale. The relative costs must be 


carefully weighed, however, since NaOH is 
more expensive. 


RESEARCH ON NOVEL SOLUTION 
MINING METHODS 


The Bureau of Mines has actively inves- 
tigated new techniques in recovering 
and processing of gold and silver ores. 





' dation. 


Principal efforts have been directed to- 
ward the subeconomic, lower grade ores 
that are unminable and/or untreatable 
using traditional methods. Although ma-— 
jor gold and silver projects have been 
investigated by various Bureau Research 
Centers, most current activity is con- 
centrated at the Reno and Twin Cities 
Research Centers. 


In Situ Leaching 


In situ (in-place) leaching offers at- 
tractive benefits for producing metals at 
a minimum of capital investment and oper- 
ating cost, with low environmental degra- 
The technique has not been ap- 
plied to gold and silver ores, primarily 
because of fear over public reaction to 
using cyanide solutions where ground wa- 
ter contamination is possible. Only one 
operation is known to have experimented 
with in-place gold and/or silver leach- 
ing, and that was with a noncyanide leach 
in an old underground mine. (See section 
on Colorado operations.) In this mine it 
was theorized that solutions could be in- 
jected into the fracture zone comprising 
the “vein” and that these solutions would 
migrate down the zone to drifts where 
they could be collected. To test the 
theory, water was injected into the vein 
and collected ina drift ina _ poured 
concrete trough (fig. 13). The experi- 
menters concluded that the trough (and 
drift) were not wide enough to encompass 
the vein-fracture system; excessive solu- 
tion losses occurred when the trough was 
bypassed. The experiment was never ex- 
panded to verify this conclusion because 
other metallurgical laboratory tests 
failed to resolve the chemistry of leach- 
ing that particular ore. 


Several companies have expressed a 
willingness to try leaching gold and 
silver in-place. Successful commercial 
leaching operations for uranium and cop- 
per have demonstrated that in-place 
leaching is economically feasible and 
environmentally safe. If a system can be 
developed for in-place-leaching gold and 
silver that will be publicly acceptable, 
small and/or low-grade deposits can be 
mined more cheaply and easily than 














previously possible. The Bureau of Mines 
Twin Cities Research Center recently 
funded a contract study to evaluate the 
feasibility of such a system and to de- 
velop a conceptual design for it. The 
most likely system involved blasting via 
vertical holes drilled from the surface 
to fragment shallow ore bodies, followed 
by solution application from the surface 
(36). After the solution percolated down 
through the fragmented ore, it could be 
pumped to the surface from vertical re- 
covery wells or from underground solution 
collection drifts. Such a_ system would 
have a very good discounted-cash-flow re- 
turn on investment with payout of less 
than 1 yr. 
Underground mines offer potential for 
in situ leaching. Ore would be blasted 
and left in stopes for leaching. After 
percolating through the _ rubblized ore, 
pregnant solution would be pumped to the 
surface for extraction of the metals. 


Placer deposits offer intriguing possi- 
bilities for in-place leaching, and sev- 
eral years ago the Bureau conducted labo- 
ratory tests on cyanide placer deposits 
(33). At some future date it is reason- 
able to assume that placers could be 
leached by vertical injection and recov- 
ery wells like those used for uranium in 
roll-front deposits. 


_ Leach Farming 


A patent granted in 1973 (23) describes 
a technique for leaching friable exposed 
ore bodies in place or conventionally 
mined ore that is placed in extremely 
shallow heaps. With this technique the 
ore is cultivated with standard farm 
equipment to loosen it to a depth of 6 to 


12 in (15 to 30 cm). Leaching solution 
is added to the loosened ore, which is 
periodically cultivated and kept moist 


for the next several days. This cultiva- 
tion assures uniform contact between 
leaching solution and the ore and pre- 
vents downward escape of the solution. 
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The leached ore, which still contains 
the pregnant leaching solution, is pushed 


by bulldozer or front-end loader toa 
Sluice box where it is slurried and 
pumped toa settling pond. After the 
spent ore has settled in the pond, the 


pregnant solution is pumped from the pond 
to a recovery plant for removing the met- 


als. Meanwhile, the next layer of ore is 
being cultivated as the cycle begins 
again. 


Although the field experiments to veri- 
fy this method were not conducted on gold 
and silver ores, laboratory experiments 
on them and field experiments on other 
ores worked well. 


Thin-Layer Leaching 


Thin-layer leaching, somewhat a variant 
of the leach farming method, was de- 
veloped for the copper mines of South 
America (3-4). It offers potential for 
leaching gold and silver ores, particu- 
larly if combined with the Bureau's ag- 
glomeration process. 


The first step in the method involves 
crushing the ore; minus 1/2 in (1.2 cm) 
was sufficient for the copper ores 
tested. Next, a concentrated leaching 
solution is mixed with the ore in a ro- 
tating drum until the ore contains 10 pct 
of solution. The ore is then placed in 
piles while the solution reacts with the 
ore. After 24 h the ore is transported 
to an impervious pad, where it is spread 
out in layers approximately 3 ft (1 m) 
deep. The ore is then sprayed with di- 
lute leaching solution and/or water un- 
til the dissolved metals are rinsed out. 
This rinse solution is collected in ponds 
in the same manner as with any other heap 
leach and then pumped to a recovery plant 
for metals extraction. The damp tailing 
is then removed from the pad and piled in 
the disposal area. 
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SUMMARY 


Gold and silver leaching operations 
have blossomed in many mining districts 
of the Western United States. Most are 
associated with old "vein" mines where 
the elements were deposited in fractures 
near volcanic or other igneous activity. 
A few large operations have also been es- 
tablished on oxidized sedimentary depos- 
its containing very fine, disseminated 
gold. 


In surveying current operations, over 
80 were found that had conducted tests or 
were actively leaching on a commercial 
scale. Sufficient engineering data were 
obtained for 26 of these operations to 
justify their inclusion in tables that 
cover location, geology, heap configura- 
tion, influent solutions, effluent solu- 
tions, and extraction. 


One of the first problems encountered 
by a hopeful leaching operator is obtain- 
ing the necessary permits from Federal, 
State, and frequently local agencies. To 


provide a start, key Federal and State 
agencies are identified in tables 5 
and 6. 


The main problems hampering leaching 
operations are unfavorable mineralogy and 
poor solution percolation owing to high 
clay content. Cold temperature effects 
on gold and silver solubility and rapid 
lime buildup in the distribution system 
also severely hamper the operations. Re- 
cent and ongoing Bureau research and con- 
tinued work at various mining operations 
are helping improve the techniques. 
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